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Technical Proposal and Evaluation Criteria 


Funding Opportunity Announcement No. R15AS00002 

SHASTA RIVER WATER ASSOCIATION, 

Irrigation Water Measurement and Billing Accounting System 

Date: January 22, 2015 

Applicant Name: Shasta River Water Association 
City: Grenada 
County: Siskiyou County 
State: California 

1. Executive Summary 

This proposal is being submitted by the Shasta River Water Association (SRWA), a 
small irrigation association; located in central Siskiyou County, California. The SRWA 
delivers pumped irrigation flows from the Shasta River (42 cubic feet per second or cfs) 
to a mosaic of small ranches and farms near Grenada and Montague, California, a 
major tributary to the Klamath River. This project will address inaccurate flow measuring 
equipment which contributes to inefficiencies in delivery and the Association's 
associated historic billing practices. The project will consist of completion of 12 new 
flumes, measuring boxes and up-to-date electronic equipment. These improvements will 
achieve the goals of this Funding Opportunity Announcement and will contribute to 
significant water savings in the Shasta River; by allowing deliveries of accurate irrigation 
flows to landowners who can depend on and then pay for what they use. The annual 
water savings are projected to be 1560 acre feet or 10%. These additional flows will 
benefit the anadromous fishery by improving flow and water quality in the Klamath River 
for 160 miles to the confluence with the Shasta River and 20 miles up the Shasta River 
to the SRWA pumps. The project will be completed within 2 years from the date of 
contract signing, and is not located at a federal facility. 
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2. Background Data 

This proposal is being submitted by the Shasta River Water Association (SRWA), a 
small irrigation association, located in central Siskiyou County, California. The SRWA 
has been in operation since 1912, and serves approximately 11 O agricultural irrigators 
and one lumber mill, covering 3400 acres. The major crops are livestock and alfalfa and 
grass hay. The SRWA delivers irrigation flows (42 cubic feet per second) to a mosaic of 
small ranches and farms between Grenada and Montague, California. Flows are 
pumped from a state of the art pump station on the Shasta River, a major tributary to 
the Klamath River, to a network of open ditches. Periodic drought puts pressure on the 
SRWA to conserve flows by more effective irrigation. Current Environmental Species 
Act (ESA) concerns for Coho salmon also present opportunities to assist with instream 
flow contributions while avoiding water supply fluctuations and shortfalls. The projected 
irrigation water demand is not expected to increase in the future. 

The combined factors of land use pressures, agricultural economics and increased 
environmental regulations have made improved water efficiencies imperative for the 
sustainability of this irrigation association. These factors contribute to a continued focus 
on sharing scarce water resources with natural resources (listed Coho salmon). The 
Shasta River Total Maximum Daily Load {TMDL) was set in 2006 by the California 
Water Resources Control Board. A target of increasing cold water contributions to the 
river by 45 cubic feet per second was written into this Basin Plan: 
http://www. waterboards. ca. gov/northcoast/water _issues/programs/tmd ls/shasta _river/O 
60707/finalshastatmdlactionpian.pdf. This project will assist with efforts to protect the 
cold water contributions in the upper river reaches by reducing warm tailwater inputs 
and moderating irrigation demand in the lower reaches. 

This project will address outdated and inaccurate flow measurement equipment that 
contributes to inefficiencies in delivery and difficulties in billing methods. The project will 
consist of completion of new flumes, measuring boxes and up to date electronic 
equipment in Phase 1. Phase 2 will consist of developing a new conservation incentive 
based billing system functioning with the new equipment, and training and consensus 
building for modification of water delivery methods. The existing delivery system 
consists of a new pump station at the Shasta River, with two buried pipelines delivering 
flows upslope to contour lateral delivery ditches flowing north and south along the side 
hill to the west of the river. The system wraps around the hills and spreads out across 
the flats between the towns of Grenada, Yreka and Montague. Flood irrigation directly 
from the main ditches is common, and most fields are wild flood or border flood irrigated 
on a time/shares rotation. One main lateral is piped, (3 miles) with another planned for 
pipe (3.5 miles) in the future. Tailwater from the upper laterals is redistributed and feeds 
into the lower ditches, making lining them the most likely conservation option, (8 miles). 
A long term irrigation upgrade study (Forsgren Study) was done in 2003 and is 
attached. It includes discussion of the need for measuring upgrades and billing 
changes, which is the focus of this proposal. This study is integral to the project 
proposed here and should be read for benchmark conditions, measurement techniques 
and assumptions. 
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Power savings are another integral feature of this project. New pumps and variable 
frequency drives (VFD's) are installed and have shown cost savings to date. Increased 
efficiency of water delivery will add more savings for the SRWA. Measurement of flow is 
considered a key component to recover more water savings and thus power savings 
from the system as a whole. 

Funding has been obtained for 50% of this project from several sources. In-kind 
contributions listed in the budget were originally from grants to the SVRCD from the 
California State Water Resources Control Board (Prop 50) and (319h). The SRWA will 
contribute $75,000 to assist with the next two year's construction of one new box in 
2015 and 2016 and management and training, plus management and maintenance of 
the new system. 

Our fiscal agent is the Shasta Valley Resource Conservation District (SVRCD). They 
have a working relationship with the USDI Bureau of Reclamation (BOR), through the 
local office in Klamath Falls. They had a recent grant with the BOR that was completed 
in 2013. Other mutual technical efforts have been initiated over the years to work 
cooperatively. 

Klamath River Restoration Program 07 FG200121 
Planning, Coordination and Management of Restoration Projects in the Shasta Valley 
This grant allowed the SVRCD to engage in Water Quality Ranch Planning, a voluntary 
effort with landowners focused on assessment, monitoring training and tailwater 
management discussions. Other coordination of watershed groups, agencies and 
strategic partnerships was also supported by this grant, closed in September 2013. 
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3. Technical Project Description 

This project will build on recent project work to complete a new set of 15 water 
measuring flumes, boxes and install modern electronics. This work is a phase of a 
larger project, initiated in the 1990's, to improve irrigation efficiency practices within the 
SRWA. The work was conceived and approached on several fronts; hardware, training, 
management and education. This proposal is part of the management theme, designed 
to allow the SRWA to create a billing system based on water used, rather than the 
current rotation of all flows in each lateral based on time. This historic system has been 
determined to be a significant source of water inefficiencies within the SRWA. Paying 
for shares (time per share based on acres) has been used in the past and does not lend 
itself to current standards for efficient water use. A new system is critical to water 
conservation efforts and will be based on volumetric measuring plan, (pay for what you 
use). 

A work plan was written in 2012 and includes the following tasks. 
• 	 Evaluate alternatives for SRWA measuring equipment- completed 
• 	 Design new flumes, boxes, electronics - completed 
• 	 Construct 15 new flumes, split boxes and automate all measuring locations. 

- 3 are completed as of 1/15 
• 	 Website development to facilitate all irrigators having access to real time 


scheduled flows and needed information. - started in fall 2014 

• 	 Train irrigators to use the new technology and website, improved scheduling 

methods and flow measuring equipment. 
• 	 Develop and implement a new billing structure, based on the recently attained 

ability of the SRWA to control flows with variable frequency drive pumps, deliver 
more accurate flows and reward conservation efforts within the district. 

Additionally please refer to the attached study by Forsgren Engineering: 
Water Conservation Study for Shasta Water Association. Shasta River- 2003, 
33 pages; submitted as a separate attachment. While this study is 12 years old, much of 
the data is still applicable to our work. The management and infrastructure for the 
SRWA is the same as it was 12 years ago. Improvements have been made to the pump 
station, fish screen and one lateral (Upper South Ditch) is now piped. A follow up study 
was completed in 2004 to assess future billing options and alternatives. This study is 
not attached but is available for review. It is titled: 
"Preliminary Review of SWA Rate Structure Options" by Forsgren Engineering. 

Please refer to the SVRCD website for a more detailed narrative of the pump station, 
fish screen, and new pipeline projects that have been completed. 
http://svrcd.org/wordpress/projects/shasta-water-association/ 
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4. Evaluation Criteria 

The maximum diverted flow rate for the SRWA is 42 cfs, which is their 1912 
water right. Shasta River Adjudication 1932, Diversion # 419. 
http://www.californiaresourcecenter.org/viewpage.php?page id=94. Irrigation 
delivery methods have historically been measured by staff gages; with many 
irrigators taking all the flow or head for a prescribed number of hours, or split 
between two ditches with old concrete split boxes. These methods have 
encouraged irrigators to take their full allowable amount for the full hours without 
regard to the possibly impacts to their pastures, ditches, downstream neighbors 
or the overall system. Often over-irrigation is the result, as well as creating a long 
rotation that is up to 18-25 days. There is no perceived benefit to becoming more 
efficient. The water bill is the same, and the rotation is still too long for optimum 
management and pasture health. 
Data from the 2003 Forsgren Study shows a seasonal use of 15,742 Acre Feet 
for 2002. Using available data for crop water use ( evapotranspiration or ET), the 
water use efficiency was calculated on a monthly basis, (pg. 5). Efficiencies from 
25% to 66% were found, for an average seasonal efficiency of 50%. This number 
agrees well with other historic or wild-flood irrigation efficiencies in Shasta Valley. 
Without changing on-farm delivery, open ditch flood irrigation is often less 
efficient than 50%. The Forsgren Study further states that 7600 AF is "being lost 
through conveyance and inefficiencies", (pg. 6). 
The Study further states that overall irrigation efficiency is 62%. This is in large 
part due to the reuse of tailwater within the district distribution system. "This 
represents a loss of approximately 4850 acre feet per year due to inefficiencies", 
(pg. 7). Some tailwater is not captured and runs back to the Shasta River. This 
tailwater component is estimated in the Study to be 17 to 25% of the total 
pumped flow. 
With the new measuring equipment, it is suggested that tailwater will be reduced 
by voluntary efforts of landowners paying for irrigation by volume used, not time. 
Conserved water will stay in the Shasta River, as part of the basin-wide 
conservation effort. Estimated water savings will be calculated based on flow 
measurements at the pump before and after the project is constructed. 
Quantifiable water savings for flow measuring and billing changes will be much 
easier to measure and will be monitored and reported. Additionally, landowners 
will be able to access remote devices and know how much water they are using. 

~}~~~}f~iit~R!~~~fill2~i!l9rm!~§'.fiQ'.6§%1i~~Q!filn9~m!Ri1!Yll'.~!9fl'P!'oil!'.£1~9!! 
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Benchmark average annual water savings have been determined by field 
measurements and are presented in the Forsgren Study (attached). These 
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measurements are taken as needed at the 15 measuring sites throughout the 
district (see map). 
Existing old equipment including staff gages, Parshall flumes and sharp crested 
weirs are in poor repair and very inaccurate, possibly within 10% and often 
fluctuating over time. The low accuracy of the existing equipment has been 
documented by discussion with the ditch tender and Association Board. With 
billing based on shares, this was less of an issue. More accurate flow measuring 
equipment is known to improve flow control, delivery and efficient use. Based on 
equipment warranty information, accuracy can be expected to be within 1 %-5%, 
per discussion with Davids Engineering for a fully calibrated site using SonTek 
equipment. Improved rate and duration accuracy is imperative for volumetric 
billing which is planned. 
We expect improved water conservation results from the flow measuring and 
control equipment to be 10%. Total acre feet used before and after project 
implementation will be documented by electronic measuring equipment. This will 
be 1560 Acre Feet. 

'<4>~si::7\D'A!'ana~.txuromaifo~ ~ h~h~-""'.0'""'""'':~-'.--~~.S.,:Ld"""~-·--·-~-----~---•~""-~ 

SCADA (supervisory control and data acquisition) system, automatic gates, and 
some automated or remote access equipment is part of this project. A 
combination of technologies is needed to allow for a smooth transition for the 
SRWA from manual read, to fully automated systems. Training for irrigators, 
Board and ditch tenders is critical for this phase, as current knowledge of 
electronics is very limited in this population as a whole. Maintenance of new 
equipment is necessary and will require new skills and training. 
Annual average water savings benchmarks have been determined by means of 
field measurements take for the Forsgren Study. This will be documented by 
measurements from the ultrasonic equipment at the pump station for 
comparison. While spills are a small part of the inefficiencies in this system, they 
have not been quantified. Many 'spills' result in over irrigation and are recaptured 
in the lower ditches for redelivery to other irrigators. In general, with better 
measurements, spills will be less as they will be charged to a landowner. "Canal 
seepage" or ditch losses are quantified in the Forsgren Study at 8.33 cfs or 18% 
of total inefficiencies, (pg. 11 ). 
On-farm delivery volumes may be reduced by a combination of structural 
improvements, such as this project, and voluntary or incentive based 
improvements such as the new billing structure, (pg. 17). More efficient and 
timely deliveries are possible when the new rate structure and new measuring 
equipment (this project) are in place. Farm delivery volumes will be modified by 
landowners once this is a possibility. We expect improved water conservation 
results from the flow measuring and control equipment to be 10%. Total acre feet 
used before and after project implementation will be documented by electronic 
measuring equipment. This will be 1560 Acre Feet. 

slJJJJ;JJf€fEf/fit:"&J?~i~f:~JrteJJ(g7/Q,!~a~1~~1i7ll/J~If§JJn'RJJ 
Estimated Amount of Water Conserved = 1560 AF = 10% of Total Supply 
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Average Annual Water Supply 15,602 AF 

The Forsgren Study, states that 15% percent of delivered irrigation flow could be 
preserved or conserved by the total of all recommended measures prescribed (in 
the study, (page 22). That would be 77% efficiency overall; 62%+15% = 77%. 
This project is a part of the overall package of improvements and at this point the 
savings are challenging to isolate. Some savings cannot be realized without on
farm changes, billing incentive changes and more ditch loss recovery. However 
we can anticipate savings of 10% of the annual pumped acre feet from Improved 
Measuring Equipment and its associated voluntary management changes by 
individuals. These are conservative and attainable numbers. 

I; 
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Pumping costs were shown to be $127,000 2004, before the pumps were 
replaced. At that time, possible energy savings were estimated to be 15 to 20% 
efficiency, or $88 per day (pg. 20). The new pump station has been in operation 
for 5 years now, and is proving up on promised energy savings. While those 
savings cannot be counted in this calculation, additional savings are expected 
from the reduced pumping demand during the spring and fall, when this project is 
implemented. However this is partially offset by ever-climbing power rates. 
Management of the overall system will be improved with these electronics, and 
will result in increased water and energy efficiencies. For 2013, average power 
usage was 10,810 kilowatt hours. This may be a more accurate unit for 
comparison. 
Water savings will translate to energy savings from the Variable Frequency 
Drives (VFD's) on the pumps, and from reduced total pumping demand. These 
savings will be at the point of diversion. Installation of the VFD's have allowed 
supply and demand to be modified and will be used more effectively once rates 
are changed. There is no energy required to treat the water. 
Solar panels (12 more) will be installed at each measuring location to allow for 
remote monitoring and measuring of water. Electric service is difficult to obtain 
and solar is a simple and obvious an energy efficient solution. These solar 
systems are not replacing anything, so there is no 'energy savings' from them. 
However they will be very important to keep increasing electric energy costs in 
check in the future. 
Substantial energy savings are possible from reduced vehicle miles driven by the 
ditch tender and Board. Rick Lemos, Board member stated that average mileage 
for one month under the old system was 24 miles per day for 720 miles per 
month to one site (Site#9). He estimated gas used at 20 gallons per week for the 
whole system. Labor, carbon emissions and fuel savings are already evident due 
to use of the cell phone capability of the 3 new boxes installed in 2014. For 
September 2014, he estimated 90% less mileage, hours and trips to Site#9 due 
to the new equipment. Mileage for maintenance of measurement equipment may 
increase, but mileage for reading staff gages and other onsite equipment, 
adjusting gates manually over and over will be realized. The mileage will be 
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documented for this period, and can be compared to previous reimbursements 

f8r .m.il~age. (~e~. ~t$·3~0·p~r rn8n.th. historical.ly): 
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The federally listed species in the Shasta River are determined to be impacted by 
water quality impairments, including high temperature and low dissolved oxygen. 
The Coho salmon, Oncorhynchus kisutch, is declining in numbers in the Southern 
Oregon/Northern California Coast Evolutionary Significant Unit (SONCC ESU). 
This has Jed to the listing of Coho salmon as threatened under the Endangered 
Species Act (ESA) and the California Endangered Species Act (CESA). 
(~ii)ffil9'.Wli_fil1B~i]Rl9:~§lK~~~r§g[yf~fte~1l~Y.@fg1~J3f§fil[tigpJfil;fill[clli A. There is 
no BOR owned or managed land within the Shasta River drainage. Upstream 
impacts can be partially attributed to land use decisions in the Klamath Basin, 
where BOR does have property and projects. 
(25~r~~J~~~e:~~r~~J~g~~~rt<?t~'fff'.~£IIY~r¥lt5J~rli!QJJ[C.'9n&~E[~.f[&D:Iill?'f)fill;J[~trfi1§
sfi<:f§irjg~f~ft.1§p~.c;i~~J:~c~~ A. Yes, the listed species are the focus of a California 
Salmon and Steelhead Recovery Plan and the Southern Oregon Northern 
California Coho (SONCC) Recovery Plan (Federal). 
http://www.nmfs.noaa.gov/pr/recoverv/plans/cohosalmon soncc.pdf. The newly 
released Federal plan identifies several actions that will tie into the project. On 
page 37-27 SONCC-ShasR.10.1.20.2 Water Quality "Reduce warm water 
inputs". The SVRCD has implemented a tailwater reduction program, which the 
SRWA is a party to. On page 37-29 SONCC-ShaR.3.1.6.2 "Improve irrigation 
practices". The project will 'Implement improved irrigation techniques and monitor 
associated flow and water quality enhancements". 

~Ir~~i!!l~f~l~i!li~~~!P~flililtj~i~lif~~~fii~£~J~~1~~1:~~~~is 
one of many that will determine the health of the riparian over summering habitat 
in the Shasta River for Coho salmon. Additional flows, particularly cold water, 
are critical to the recovery of the habitat and the species within the Klamath 
Basin. 

§~ai]!'~fJ;Q'.m~lf!fii~fil~fi~~ti~M;JJI!{~lli9l@Wi!gJg!JJ 
The value of these improvements can be monetized by the value of this water to 
the local water trust, the Shasta River Water Trust. This organization is in its 
infancy, and does not have adequate transactions under way to set these market 
values at this time. However, water left in the river in the late summer and fall is 
increasingly needed for Coho salmon habitat. Receiving compensation for this 
conserved water is certainly something that the SRWA can investigate when this 
project is done. The amount of water available could be the water saved or 10% 
(1560 AF). 
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The WaterSMART Klamath River Basin Study is not completed and cannot be 
used to gauge now these strategies may meet goals. However, any projects that 
allow additional flexibility for water supply and demand forecasting within the 
Klamath Basin should meet goals of this Study. The Basin Study was funded in 
2011 according to the BOR website but is ongoing but not complete. 
http://www.usbr.gov/WaterSMART/bsp/docs/fy2011/Final Factsheet Klamath.pdf 
Collaboration among Basin Study partners is ongoing through the Klamath Basin 
Management Plan or KBMP. http://www.kbmp.net/ 
The SVRCD works with groups and agencies to identify planning and study needs 
for our work. Recently a comprehensive Study Plan called the ( Studv Plan to 
Assess Shasta River Salmon and Slee/head Recoverv Needs), was published for 
the Shasta River. It covers some of the content that will be needed in the Klamath 
Basin Study Plan. It can be reviewed here: 
http://www.fws.gov/arcata/fisheries/reports/dataSeries/SVRCD%20Shasta%20Riv 
er%20Final%20Study%20Plan.pdf 

~Til?'§la~filf!liiJ'.gJ~;;rgJJP.ifllJl'fffi!JiJttt[f~lA!Jiillflf:ll!R~lg:iJlDrrfJliJllt£$lit!lf{i~ 
Improved on-farm efficiencies are needed by landowners within the SRWA to 
take full advantage of the improvements proposed for completion with this 
project. Several irrigation pipelines, land smoothing and tailwater projects within 
the SRWA have shown how effective this will be. When irrigation out of the main 
ditch system is shown to be wasteful and costly, landowners will be ready for 
distribution improvements on their fields. Rate structure changes will make it very 
obvious to landowners that water conservation will save not only water but 
dollars. 
NRCS is a willing partner in these projects and will be available to assist. We 
have no commitment from landowners or NRCS at this time. Based on previous 
programs, land ownership patterns and local knowledge; 50% of landowners 
would be interested in this idea. However they may account for more than 50% of 
the total acres within the SRWA. This is due to the fact that an economic unit 
(-400 acres) would drive decisions in this direction. Smaller landowners cannot 
always afford projects, and may not have the economic incentives necessary. 
Please refer to the Forsgren Study for documentation. 

• 	 Acres needing treatment: 3400 acres 
• 	 Acres that could be considered for water conservation savings: 

3400 acres 
• 	 Possible savings from tailwater reduction: 5 cfs or -1500 AF 
• 	 Possible savings from switching 2000 acres to sprinkler irrigation: 

4.7 cfs (suggested but not likely) 
• 	 Possible savings from flood irrigation borders, laterals, shorter runs, 

land smoothing for 50% of the acreage: 20% or 1.3AF per acre 
estimate 1600 acres x 1.3 AF =2080AF. (Based on 28 Ac. In/Ac. 
annual irrigation pasture requirement) 

• 	 Additional savings from SRWA ditch to pipeline and ditch lining 
replacement: 5 cfs or 1500 AF. 
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Yes, this project could help alleviate water supply issues resulting from drought. 
Existing drought conditions in this area of Northern California have been in the 
02 or more severe for 12 months. In January 2015, it is 02-04. 
http://droughtmonitor.unl.edu/Home/ReqionalDroughtMonitor.aspx?west 
Snowpack and precipitation have been below normal for three years. The 
Montague, California normal 30 year average annual precipitation is 18 inches. 
Water use from the Shasta River is limited by our desert climate, instream 
requirements for salmon, over-adjudication and upstream riparian users. Surface 
water from underflow (springs feeding the Shasta River) supplies most of the 
irrigation districts and direct diverters. 
Lake Shastina holds irrigation flows for the largest irrigation district, the 
Montague Water Conservation District (MWCD). This upstream district was 
completely shut down due to drought in 2014. This was a disaster for many 
irrigators in the valley who needed to buy hay, move livestock or sell their herds. 
In the SRWA, water was available for full season irrigation due to the 1912 water 
right they hold. In the summer of 2014, even with strict water master service, 
there were many days without minimum flows in the Shasta River (20cfs} due to 
record drought. In short, the SRWA is in a position to assist with supply security 
for the entire basin, if this project is completed. By being able to reduce the 
demand within the SRWA during peak season of use, the SRWA can respond to 
basin wide flow needs. 

~!111~rlt~~[ci?il~l~I[fl{~';lrfwJifif~f~r;;l/irxt§~llr.tfil.'t:tli,~i111YJ:g~ztiil1~ 
The Shasta River Adjudication is applied by the Scott -Shasta Water Master 
Service to manage the limited water in the Shasta River. Water supply is often in 
critical shortage in late summer and fall, mainly due to our geographic location in 
the rain shadow of Mt. Shasta and on the edge of the Great Basin. These 
weather patterns may be exacerbated by climate change in the future. Low 
rainfall combined with variable snowpack can impact flow conditions that are 
detrimental to irrigated agriculture and fish populations. This project is part of a 
larger drive to improve irrigation efficiency and extend water supplies to enhance 
natural resource values within our watershed and throughout the Klamath River 
watershed. 
The SRWA is in the forefront of groups and irrigation districts responding to 
Shasta Valley irrigation needs for water quality improvements targeting salmon 
species. Because of the SRWA's location in the valley and its very good water 
right, work done by this association has benefit to the whole river. Their water 
leadership and management within the Shasta River basin through flow 
coordination and project work has large area wide benefits. Projects that benefit 
salmon habitat and water quality improvements benefit all downstream users, 
including three tribes. 
In the summer of 2014, the MWCD was allowed to deliver municipal water supply 
to the City of Montague from a new point of diversion, downstream from the 
SRWA pump station. This put the SRWA in the position of being able to assist 
with a critical water need for this rural low income community. This project and its 
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predecessors are critical to the continued success of SRWA's steady progressive 
strategy, toward water and energy security for its users and the larger Shasta 
River valley. While, there have been some recent water resource litigation in 
Shasta Valley, the SRWA has been able to steer clear of these issues. 

E~aTi!laii'oNK~riteFr 
~~~~'Eli~lI'Q~Jfi'Q~rfil+rg,.

The original planning document used to start work within the SRWA and other 
Shasta River related projects is the Shasta Watershed Restoration Plan written in 
1997 by the Shasta River Coordinated Resources Management Committee or 
CRMP. It is available on the SVRCD website at 
http://svrcd.org/wordpress/library/historical-crmp-documents/. Concurrent and 
complimentary studies, construction and education work by all local, state and 
federal agencies have contributed to the long term success of cooperation in the 
Shasta Valley. For example, out of 8 impoundments or diversion dams that were 
identified for modification or removal, only 2 remain on the list. This demonstrates 
the long term commitment of groups, irrigators, and agencies to improving water 
quality and habitat for salmon, as well as millions of dollars of funding. 
The SVRCD and the SRWA have been working to perfect this specific project for 
several years in general and specifically this flow measuring and billing upgrade 
planning effort for 24 months. The results have been productive as we have 
worked through early project concerns and have progressed through the design 
and into the construction phase as of October 2013. 
The project will move through the following tasks to completion: 

• Hire a consultant to manage the project. 
• Finalize project work plan with SRWA Board for funding support 
• Review environmental coordination with BOR requirements 
• Preparation of bid documents 
• Award of bid or bids 
• Construction of box or boxes per work plan schedule 
• Construction of electronics, remote equipment, connect to network 
• Training of irrigators, Board and ditch tender to manage network 
• Hiring of billing design consultant or BOR 
• Review billing format as per suggestions/recommendations 
• Implement new billing scheme 

The two milestones that will be crucial for this project's ultimate success are the 
completion of the 15 measuring boxes, and the implementation of a new billing 
structure for the SRWA. 
This project does implement tasks called out in the Shasta River Studv Plan 
(2013). Improvements to temperature conditions, water quality standards, and 
fish health in the Shasta and Klamath rivers are discussed in the Plan. lnstream 
flow recommendations for salmon are intrinsically linked to all these parameters. 
This document is available on the SVRCD website. 
http://svrcd.org/wordpress/projects/ 
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~[fl:f~!R~!JfJJJJNl:ii~"fffj.SffiJl~lllrr~~§rleLt!Eftf.[~~ 
This project is ready to proceed. We have been working on permits and planning 
for 3 years. We engaged an engineering firm in 2013 to complete all design work. 
Construction began in early 2014 with other funding and could continue with this 
funding and with the understanding that the BOR would be involved in any notice 
to proceed. 

§JllJJ!.Elt~BlfiJJiril1f'ff§1~'!J,fill'/Jf.9!m~Jl'f!1lNJJX7l~Yli§
We are providing six (6) performance measures which we feel will allow the 
funders to gain a respectable knowledge of the project's objectives and benefits. 
They include acre feet of water conserved, acre feet potentially available for 
purchase by the local water trust, sample water savings by individual ranches, 
power savings from reduced pumping, reduced labor costs due to remote access 
to needed measuring equipment, and reduction in tailwater. They are described 
in more detail in the following section (Section 5. Performance Measures). 

§lffllJJJll~~['Q!JJtill?,~{JiJfl!iifl~:;J'ffiiff~~Z~'flg~~Q!Jl~,W§I~
For a total project cost of $506,000, and a water savings of 1560 AF X 20 years, 
or 31,200 acre feet, the cost per acre foot is $16.21. For comparison, from the 
Forsgren rate study, the cost per acre foot to irrigators, is estimated to $14/ac 
foot as currently billed. 
A twenty year life span for all flumes and boxes is expected, based on data from 
the SRWA, and normal maintenance standards. Previous improvements have 
been well maintained and have lasted much longer than 20 years. All measuring 
equipment to be replaced is more than 40 years old. NRCS life spans for 
practices show a Structure for Water Control, 587, to be 20 years. The life span 
of the electronics is 10 years with good maintenance. 

~y~J'.!:¥1B!1'[l[~!t~'L~lfl§f~[~lfj!~1[1(1jJ!~:2fl~~f~!ll.§i~J:ll9it~BQ1lit~~ 
This criterion will be met by our state of California funding through Prop 50. This 
funding was awarded to the SVRCD for design work, and 3 measuring boxes 
already installed. These and additional funds from the SRWA will contribute 50% 
non-federal dollars to the project. Some of this funding is now considered 'in kind' 
funding. No additional non-federal funding is available at this time. 

This criterion is met by our key location within the Klamath River Watershed. The 
Shasta River is an important tributary to the Klamath River and is required and 
expected to assist with all TMDL temperature or dissolved oxygen impairments 
that are "listed" for the Klamath River. The Bureau of Reclamation, Klamath 
Basin office is intimately involved in much of the project work, and monitoring that 
have been directly connected to overall environmental conditions in the Klamath 
River. All improvements to water quality impairments in the Shasta River will 
have a beneficial impact on the Klamath River and associated regulations 
throughout the Klamath Basin. 
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Our partner, the Shasta Valley Resource Conservation District is a partner in the 
Klamath Basin Monitoring Program or KBMP. This group is currently serving to 
provide big picture focus and collaboration with quarterly meetings for all 
interested stakeholders in the Klamath Basin, both Oregon and California. Tribal 
interests; Karuk, Hoopa, Klamath and Yurok are well represented in this venue, 
and their needs and values are addressed by improved water flow flexibility, 
quality and quantity benefits. 
The Klamath Tracking and Accounting Program (KTAP) 
http://www.klamathpartnership.org/KTAP.html is working to guarantee and 
quantify measurable benefits from projects within the KBMP service area. The 
SVRCD is working to assist in creating tools to calibrate and demonstrate that 
these ecosystem services are valuable and valid. 

5. Performance Measures 

Here are the proposed Performance Measures to quantify the actual benefits of our 
project. This is generally defined as water actually conserved, and/or more efficiently 
managed, and some associated measures. We feel that these five parameters will 
accurately portray the results of our work with this grant. Other suggested performance 
measures may be more difficult to quantify due to challenges in data design, and diffuse 
resource benefits. 

Projects with Quantifiable Water Savings 
Measure #1 We propose pre and post project water use to show water saved. 
Acre feet per total irrigated acres before and after will show Acre Feet used I per 
Acre for each season. This will display the improved efficiency of the delivery 
system due to the measuring equipment and associated management shifts by 
landowners. Pre project baseline flows will be available using data from the pump 
station and the Water Master Service. Post project flows will be available using the 
new equipment and will be compared to pre project and historic data. 
Measure #2 Calculations of water saved that could be leased for instream benefits 
would be an associated performance measure of great interest to the participants. 
Specifically, Acre Feet that could be available to the Shasta River Water Trust. 

Projects with Water Measuring Devices: Irrigation Metering 
Measures #3 Installed measuring devices include flow meters, weirs, flumes, meter 
gates. We propose tracking and recording total irrigation diversion flow quantity 
measurements pre and post project at the pump station. This will show results of 
improved management and can account for yearly fluctuations in weather patterns 
and irrigation demand. We hope to include samples of before and after usage by 
individual landowners to demonstrate response to the new system. The Study 
shows adequate information on irrigation data for every irrigator in the SRWA in 
Appendix A, at the end of the Study, which we will use for the benchmark condition. 
Measure #4 We propose tracking the total labor or hours needed to manage the 
irrigation system pre and post new system. This will show the improved labor 
savings due to improved flumes, electronics and gauges. Estimates for labor hours 
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under the older system will have to be found from interviews and records. In the 
past, the ditch tender salary was not based on mileage or hours worked. 

Increasing Energy Efficiency in Water Management 
Measure #5 Energy savings will be available via power bills pre and post project. 
Some savings have already been realized from the first phases of the project (pump 
replacement and 3 new measuring boxes), but these will not be counted. Savings 
will be calculated using 2015 as a baseline. While power costs continue to climb, 
savings are still anticipated to be significant. This will be measured in kilowatt hours 
(kWh). For an average day in 2009, kilowatt hours were 37,500. For an average day 
in 2013, kWh were 10,810kWh. These numbers, while cumbersome to compare, can 
be used to determine energy savings. Power bills are available for more complex 
metrics if desired. 
Measure #6 Tailwater volumes returning to the Shasta River from specific locations 
have been monitored by the SVRCD for several years. We will select one location 
where tailwater returns to the Shasta River from a 'tailwater neighborhood' within the 
SRWA, for a before and after project monitoring based on best fit for the 
performance measure. The volumes are measured in two ways, total volume and 
instantaneous rates. 

General: This project is 100% within the footprint of the existing SRWA irrigation 
delivery system ditches, diversion boxes and access roads. Any landowner easements 
and/or legal issues that may arise will be addressed by the SRWA Board in a timely 
manner. Existing funding has allowed planning, design and permits as well as CEQA to 
be completed. A NEPA exemption is considered to be needed. Typically all that may be 
required for another exemption is a letter stating what the action is, which exemption 
category it falls under and a statement that it does not encompass any extraordinary 
circumstances. 

A. All construction planned is within the footprint of the existing irrigation delivery system 
and outside of the stream channel and riparian zones. Excavation of existing concrete 
flumes, division boxes and ditch banks during replacement is planned. All earth 
disturbing activities will be carefully planned to minimize erosion, including staging, 
stockpiling and spreading of soil outside of any stream channel or wetland areas. A pre
construction bid tour is required of all contractors to acquaint them with the details of the 
implementation requirements. 
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A. All construction planned is within the 
footprint of the existing irrigation delivery system and outside of the stream channel and 
riparian zones. Excavation of existing concrete flumes, division boxes and ditch banks 
during replacement is planned. All earth disturbing activities will be carefully planned to 
minimize erosion, including staging, stockpiling and spreading of soil outside of any 
stream channel or wetland areas. A pre-construction bid tour is required of all 
contractors to acquaint them with the details of the implementation requirements. 

A. No wetland or other surface waters will be found in the project 
area. A benefit will be long term irrigation efficiency over time to areas in pasture fields. 

~Hil£iilWIQ!'.$dllf!;!llU$#6$fej$fc$il!i!iilli!JBI A. The SRWA system was constructed in 
the early 1900s, after the association was formed in 1912. The original pumps and 
pump house were recently replaced per grant and agency requirements. The system 
functions are basicall intact and mana ed as it was in 1912 . 

. All projects will replace existing measuring equipment 
constructed and maintained over the last 100 years. Historical records of all 
maintenance activities are not available, but no major improvements have been made in 
the past several decades with the exception of the mainline replacement project in 1985 
and the new pump station, completed in 2010. Minor modification and construction 
upgrades to infrastructure have been ongoing during the 100 years of the SRWA, as 
needed. 

fk11i!Mhfi!iij&liiMM!WiililiQINlllilJi#M•Sli$1611$ A. No. Several other 
projects were evaluated in the area, and have not been found to have any historic or 
prehistoric sites in the footprint of the ditch system. No work is proposed near the 
Shasta River as part of this project, where archeological sites are located. 
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. . All required permits and approvals will be 
obtained or are already obtained. A California Environmental Quality Act (CEQA) Notice 
of Exemption was submitted in 2013 for the first 3 boxes. This is a simple process and 
will be initiated before construction starts again. The project footprint is within the 
existing irrigation delivery system, and outside of any stream channels; therefore we 
expect that additional permits needed will be minimal. Further California Environmental 
Quality Act or CEQA review, California Water Board 401 Certification, California 
Department of Fish and Wildlife 1602 permit and Army Corps of Engineers 404 permit 
are not expected to be required. If any additional National Environmental Policy Act or 
NEPA, CEQA or permitting requirements are necessary, the Shasta Valley RCD will 
provide technical assistance to attain full compliance, with the support of assigned BOR 
staff. 

1yg~1t~tfE~l~ilfl~iQIY'.~i:i?:!l
The Chair of the SRWA Board of Directors has signed a resolution for this application, 
per requirements on page 28, in Section IV D3 of the application and submission 
information and it is attached. 
I'll!'" 	 el 

;iri~J~~lf~flf~dfi&l!~ffeifs'll!ll:<!i:tilli7~fmilti7£~~>Y~J!~g'~! 

11/!Efl1li!fJJJJ!f&illJJ@1fflfl£[tl~trc9Ii~ci,!li!li1llllWJ
(Answers within, denoted with an "A". 
1) 

a A. SRWA will provide the full amount of the 
cost share requirements from their reserve account. This is projected to be 
$106,000.00. The remainder of the cost share is from in-kind contributions, (see below). 

A. In-kind contributions from the SRWA include: 
• 	 Design for the project, completed in 2013. The project can't be constructed 

without an engineered set of plans. The cost of the design was $24, 000. 
• 	 Construction of the first 3 measuring boxes, completed in 2014. The project 

benefits from this first phase of construction because some of the initial 
questions and concerns regarding the functionality and the adaptability of this 
new technology are now laid to rest. The cost of this construction was 
$90,000. 

• 	 lnstream modification needed to keep bypass flows adequate. Without a 
functional fish screen and intake gallery, the pumps cannot operate at an 
optimum level. This work cost $5,000 and was done in the summer of 2014. 

• 	 Communication to cell phone system for new measuring equipment at the first 
3 measuring sites. This work was needed to actuate the new boxes and 
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allow the ditch tender to read the new measurements remotely. This work 
was done in the fall of 2014 and cost $3,000. 

i~~t~R~f[\~~f~ii~~~[il~E~l~~ll~l~1~~~l~f~~\~~~~~~I~·~~f/tfB:~n

uqles§19Jti§JI;\,l\@~:l§ll§~~g!Qy(§!§!L!1e! A All funding will be provided by the Shasta River 
Water Association. Therefore no letters of commitment are included with this proposal. 
No funding is expected to be received from other Federal sources. 

Table 1. Summary of non-Federal and Federal fundim:1 sources. 
~ 

., 
~ f¥E:unCii'rtgl;4;mounH;; ;\1:'.V,i~ti:~t' 

Non-Federal Entities 
1. Shasta River Water Association 24,000 
2. Shasta River Water Association 90,000 
3. Shasta River Water Association 8,000 
4. Shasta River Water Association 106,000 
5. Other Fundinq 0 
Non-Federal Subtotal: 253,000 
Other Federal Entities 
1. 0 
Other Federal Subtotal: 0 
Requested Reclamation Fundinq: 253,000 
Total Project Funding: 506,000 

2. Budget Proposal 

Reclamation Fundin 
Other Federal Fundin 

Totals 

50% 
0 

100% 506,000 

Salaries and Wages 6000 
Project Manager 25 200 hours 5000 

20 



Financial Manager 20 50 hours 1000 
Fringe Benefits 0 
Travel 0 
Equipment 314000 
Flumes 10,000 3 each 30000 
Control Boxes w/o flumes 5,000 8 each 40000 
Gates 6,000 2 each 12000 
Split Boxes 10,000 1 each 10000 
Valves, other hardware 5000 12 each 60000 
Electronic Equipment 11,000 12 each 132000 
Website/online services 3 years 15,000 2 each 30000 
Supplies/Materials 0 
Contractual/Construction 177528 
Engineering Services- Davids Eng. 7,000 9 each 63000 
Construction Services - Phase 2 1 25,000 each 25000 
Construction Services - Phase 3 1 25,000 25000 
Construction Services - Phase 4 1 21,000 21000 
Shasta Valley RCD 23,528 1 each 23,528 
Environmental Compliance 10,000 1 each 10000 
Technical Assistance - BOR 10,000 1 each 10000 
Other 1000 
Reporting 0 
Misc. 2000 
Total Direct Costs 500528 
Indirect Costs - 0.05% (or less) 5472 
Total Pro"ect Costs 506000 

30$/hr. 40 hours 
Project Manager 22$/hr. 400 hours 8800 
Monitoring Specialist 24$/hr. 40 hours 960 
Financial Manager 22$/hr. 100 hours 2000 
Fringe Benefits (workmen's' 
comp., tax withholding. etc.) 3888 
Full-Time Employees 30% % 0 

Part-Time Employees 30% % 3888 


Travel 0.56 3000 mile 1680 

Equipment 0 
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Supplies/Materials 2000 
Contractual/Construction 0 
Other 0 
Reporting 3000 
Misc. 0 
Total Direct Costs 23528 

3. Budget Narrative 

Salaries and Wages - The SRWA will contribute funds that already earmarked for 
upgrades to their delivery system. During construction, equipment and other 
maintenance and management services will be available. Our locally led irrigation 
association is frugal and all board members are irrigators and ranchers in the 
community. They receive a minimal stipend from the SRWA for their meeting 
attendance. Some additional book keeping is expected. 

Travel - Mileage at the standard rate to and from the project site is requested. 

Equipment - Purchase of flumes, electronic equipment and other measuring devices is 
central to this grant We will be working closely with our engineers to acquire exactly 
what is needed to allow for a long term upgrade to the SRWA delivery system. A 
tracking and billing system for the SRWA is expected to be required for this project, 
which may include a website, cell phones, computer and other hardware. We expect 
part or all of this new electronic data to be available on a private network. . 

Materials and Supplies - Charges for materials and supplies will be tracked for this 
grant. Generally our grant manager, the SVRCD will need printer supplies, and other 
business work flow materials. 

Contractual - We have a management agreement with the SVRCD to manage our 
project. The budget for this is included as a separate budget as per instructions on page 
33. 

Salaries and Wages for SVRCD - The Executive Director is Adriane Garayalde who is 
responsible to the SVRCD Board of Directors for all work performed by the Shasta 
Valley RCD. She has worked successfully with the Bureau of Reclamation on several 
occasions and has good relations with our previous grant manager in the BOR Klamath 
Falls office. Her involvement in this grant will be supervisory, with the day to day project 
management being handled by the project manager and other st~ff from both 
organizations. 

The SVRCD has engineering and consulting services available, including Davids 
Engineering to perform various operations and training work for this project. We will 
complete the construction with a very detailed bidding process, already in place through 
the SVRCD. 
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Environmental and Regulatory Compliance Costs Reporting - Costs for NEPA are 
uncertain. We have inserted $10,000 into the budget for agency/consultant costs as a 
contingency. 

Other Expenses -The SVRCD and the SRWA will work together to keep contingencies 
to a minimum. · 

Indirect Costs The SRWA and the SVRCD has ongoing administrative overhead costs. 
These include the cost of printing, internet services, meeting attendance, coordination 
time and routine filing, audits and bookkeeping. We expect to charge this grant 1 % 
administrative overhead to help defray these ongoing costs of doing business. An 
agreement will be completed within the time frame required. 

Total Costs - This request is part of a larger effort and this makes the cost of project 
planning less than for a standalone project. Our ongoing work to address irrigation 
efficiency has made cooperative efforts more streamlined and trust between all parties 
is well established. This is one outcome over the many years of outreach, education 
and partnership building within our community: the total cost of this project is spread 
over many projects and many years. 

4. Budget Form 
SF-424C, Budget Information-Construction Programs is included. 
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Resolution #15-J 

Decernber9th 2014,.. . .. ' ~ . 

A Resolution Authorizing Entering 'into an Agreement.with the B:~i:t:lau· ofReclamation 
ancj designating ~·representativeto sign theagreernenta9d al1Y ame.ndrriehts thereto, 
forthe 11Shasta River Water Association, Irrigation Watermeasurement and Billing 
Aqcougting Syst~m" .: 

Wflereas; the Board authorize.sthe· Shasta RiverWater Associati()nAo enterlnto·an 
Agreement withthe Bureau ofRectamall<>n:: and 

Wh~reas,. the Board authorizes the 13c>ard Chall\ ordesignee to sign the Agt€ierri~mt, 
and any attj~nal!:temts thereto, for Funding Opportunity Announcem~ · 
814ASOUOQ1;~\l'«aterSMART: \IVqterandsEft~fgy Efficiency· Gr~tt 

Now; therefore, ·.be.:it resolved: that the Sh~$fatRiver Wat9,rAs$ociatian,. Board 6f 
Directors he(f:tf>~,~~·ppts.~e~olution #15~1 on~ ~AMkt 91.aot!J' .· . · 

·i+. .:. "" ;.~. ..._ . . ... .. ·. . . . . >: . . .·. . . . .,; :'.r .: 
o Th~1identtty ofttte 9ffiqial with legaLauthority•to enter into ~gteement is Marsha 
Pitkiri~'i3oard.¢t\1:Jir: ·,:ff I~> ., · ;< 


~. ¢~ ' 

.o The boa.rc:J df'.c;J.irectqrsf g~veming bo.gy; 'Orappropri~te•offlcie)I Who hf;ls 
tevi~~ed and ~Upp·ort~.the subrnitted · 

TJThattl1e ·<ilPP.li¢ant wilfa~ork with1 Rec1ar11atlo1tto meetesta~lished deadlines~arr 

application 

$11terin€finto a: 9oopetatlve agreement::,'· " 

Certification: t fiereby certify tha{the:foregSifag Resolution #15-1 was: duly and r~~t.ilarly
. . . . . '. "i?' .... .. . . . ·.. ..... 

.	adopted: by eh boarQ 9f Dire~ors of the ~:@Glsta River W~ter Association at t11 ··0 ·"; e~tlfl~ 
thereof held ontheAj-bbdaybf · ", bec:ernber, 2014, motion.by · .:Oil ·ass~ij 
by:tlJe following roll call vote: .. · . 

Ayes~ ·'i. 
Noes: "t!Jr· 
A·b· t' .. ct.'19. . .s. a111e : . . / 
Absent: //·' ·. 

:~;:s::m=:r . 
;./i. 	 Marsha Pitkin, Board Chair 

http:motion.by
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. . 1.0 INTRODUCTIONr 
The Shasta Water Users Association is a major diversion along the Shasta River. In recent years, 
the need to improve water resource management in the Shasta River valley has been recognized 
due to a variety of environmental and economic concerns. Improving water resources 
management and conservation along the Shasta River can improve environmental conditions as 
well as economic conditions if proper planning and coordination is utilized. 

This water conservation plan has been prepared for the Shasta Water Users Association to 
evaluate and recommend improvements to current water management practices. The scope of 
this plan includes an evaluation of district irrigation and conveyance efficiencies and an 
evaluation of pump station efficiencies with respect to energy consumption. The potential to 
implement water conservation through price incentives has also been reviewed. Water 
conservation measures have also been evaluated in relation to replacement of SWA's existing 
dam and diversion structure with a new water control structure providing adequate fish passage 
and screening. A recommended water conservation strategy has been developed along with 
estimated costs. 

1.2 Authorization 

Forsgren Associates was authorized by Great Northern Corporation to prepare this study through 
an agreement dated April 28th, 2003. Funding for this study has been provided by the California 
Department of Fish and Game (CDFG). The Shasta Water Users Association has provided 
invaluable cooperation and assistance to Forsgren Associates, Great Northern Corporation, and 
the CDFG in completing this project. 

1.3 Background 

The Shasta Water Association (SWA) diverts approximately 42 cubic feet per second (cfs) from 
the Shasta River during the irrigation season. The irrigation diversion currently consists of a 
flashboard dam and an inlet structure providing fish screening. Water is diverted to a pump 
station where it is lifted to a series of ditches conveying water throughout the district. The SW A 
boundanes and water conveyance ditches are shown in Figure 1. 

The Shasta River Coordinated Resource Management and Planning Committee (CRMP) have 
identified implementation of water conservation efforts to improve in-stream flows for fish 
migration and habitat as a priority. The recent listing of Coho Salmon as an endangered species 
provides additional incentive to improve water usage efficiency in the Shasta River Valley. 

In 2001 the SWA flashboard dam and diversion was investigated with regard to fish passage and 
screening in the Shasta River Preliminary Engineering Report for Fish Screening/Passage 
Improvements. Options to improve fish passage and screening were documented in this effort as 
well as a recommendation to evaluate water conservation potential to reduce water withdrawal 
from the Shasta River. It was recognized that water conservation measures would impact fish 
passage and screening improvement design criteria for the diversion. 

Shasta Water AsSociation, Shasta River Water Conservation Study 

Project No. 02030032 I of23 Forsgren Associates, Inc. November 2003 




r It was also unclear what impact upgrading the dam and diversion would have on operation of the 
existing pumps. A new diversion will lower water intake levels by approximately 2.0 to 4.0 feet. 
This would pose no problem if the existing pumps were replaced but it was unclear what affect 
lowering intake water levels would have on the existing pumps if they continued to be used. As 
part ofthe pump station testing, the effect of lowering water intake levels was investigated. (See 
Section 3.4) 

This water conservation study will be used in conjunction with the 2001 fish passage and 
screening study to provide a design basis for overall improvements to the SWA diversion and 
irrigation district. These improvements will provide an economic benefit to the land-owners 
within the SWA and environmental benefit to fisheries within the Shasta River. The results of 
this study provide clear recommendations that will directly aid in the Statewide Coho Salmon 
recovery strategy. 

2.0 DESCRIPTION OF THE SHASTA WATER USERS ASSOCIATION 

2.1 General 

The SWA was formed in 1912 and serves approximately 6,700 acres, approximately 3,400 acres 
are currently irrigated. The SWA dam and diversion is located at approximately river mile 17.4; 
The SWA has a water right established in November 1912 to 42 cfs during the period from April r 1 to October 1 each year. 

The SWA has an elected board ofdirectors who manage the affairs ofthe Association. A 
secretary/treasurer accounts for Association finances and administers dues to collect revenues. 
The Association employs a part-time ditch tender who maintains the ditches and pump station 
and controls water distribution. 

2.2 Crops and Soils 

Pasture grass is the primary crop grown in the SW A district. Other crops include alfalfa and 
grass hay. 

Soils throughout the district are generally gravelly and clay loams with some areas of silt loams. 
Soils are generally well suited to pasture grass and alfalfa crops. The soils can be limited by soil 
depth and available water holding capacity. 

2.3 Water Distribution 

2.3.1 River Diversion and Pump Station 

The Shasta Water Association dam consists of two concrete piers and two abutments on either 
side ofthe stream. The abutments and piers support a metal catwalk. The piers and abutments are r used to support slat boards that check up water. Water is checked up approximately 3.5 feet from 
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natural river flow levels. The dam is located approximately 650 feet down stream of the pump 
station and diversion. 

At the pump station, water is diverted through two grates providing course screening for large 
debris. A vertical fixed plate fish-screen has been installed in a concrete bay adjacent to the 
pump house. After water passes through the fishscreen it enters a wet well located directly 
underneath the pump station. 

Pumping is provided by two Worthington split case centrifugal pumps. One pump is a 250 hp 
pump and the other is a 325 hp pump. The pumps operate independent of each other. The 250 hp 
pump lifts approximately 14 cfs (6,280 gpm) approximately 100 feet. The 325 hp pump lifts 
approximately 28 cfs (12,570 gpm} approximately 71 feet. 

The pump station was constructed in 1914 and has not been significantly upgraded since that 
time. The SW A has diligently maintained the pump impellors and motors over the years and 
have had no serious problems. 

Water was originally pumped to the canals through banded wooden pipes. The wooden pipes 
were replaced with a PVC piping system in 1985. Currently water is pumped to the upper ditch 
through a 24-inch PVC pipe. Water is pumped to the lower ditch through two 24-inch PVC 
pipes. 

Until the summer of 2003 no flow measurement was provided at the pump station. During the 
summer of 2003 the Department of Water Resources installed ultrasonic flow measurement 
equipment on the transmission piping. This equipment provides an instantaneous flow readout as 
well as totalized flow. 

The pump station is in good condition and remarkably efficient considering its age. However, 
replacement parts are no longer available for the pumps. A new pump would be required if one 
of the existing pumps was damaged. A detailed discussion on pump station efficiencies is 
provided in Section 3.4. 

2.3.2 Water Conveyance 

Water distribution for the district is accomplished by pumping into a series of five ditches. The 
ditch system is shown in Figure 1. 

Water for the upper south ditch and upper middle ditch is supplied from the 250 hp pump at the 
pump station. Water for the lower south ditch and lower middle ditch is supplied from the 325 hp 
pump. The north ditch is fed with bypass water from the lower middle ditch and tail water reuse 
from the upper middle ditch. 
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r 2.3.3 Existing Flow Measurement 

Flow measurement throughout the ditch system is provided by a series of sharp crested weirs and 
Parshall flumes. A sharp crested weir is provided at the head of the upper and lower south 
ditches and the upper and lower middle ditches. A Parshall flume is provided at the head of the 
north ditch. Other Parshall flumes are provided at various locations on the north ditch, lower 
middle, upper south, and lower south ditches (See Figure 1 ). 

2.3.4 On Farm Irrigation 

Flood irrigation is the primary method of water application. Some fields have been graded and 
checked to improve distribution. Approximately 170 acres are irrigated with wheel line 
sprinklers. 

2.4 Current Financial Summary 

The Shasta Water Association currently charges an annual fee from each of its members based 
on the number of shares each member holds. A share is equivalent to one irrigated acre. The 
annual fee is based on actual expenditures for the Association and has typically been on the order 
of $50 per share. 

Total expenditures for the association from December 2001 through November 2002 were 
$180,184.07. Total assessments or revenues for the same period were $183,401.81. The net 
income for the Association for the same period was $3,217. 7 4. The fee charged to members was 
$53.60 per share for this period. 

The primary expense for the Association is power. During the 2001/2002 season, power costs 
were $127,886.08. Other major expenses included repairs and maintenance (including chemicals 
for ditch maintenance) at $15,209.28, labor expenses of $16,400.00, and insurance at $8,308.44. 

3.0 CURRENT WATER MANAGEMENT AND ENERGY CONSUMPTION 

3.1 Distribution and Irrigation Efficiencies 

Defining irrigation and water usage efficiencies for an irrigation district help provide a basis for 
evaluating potential water conservation strategies. Improving water usage efficiency will also 
improve energy usage efficiency. 

During this study, irrigation water conveyance and application throughout the district was 

reviewed and analyzed to gain an understanding of water usage efficiency. Water conveyance~ 

and n:1g~tion efficiencies were estimated as well as an overall water usage efficiency for the \ \ -:. \ 

Association. ,/),,( ~ 


\)\\JV" 

~Conveyance efficiency is the ratio of water delivered to the farm to the total water diverted from r the river. Conveyance efficiency accounts for seepage losses, evaporation, operational spills, and 
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otherj,otential water losses; For this study, ~gation efficiencyhas been defined as the ratio of 
the crop water requirement to; the water. cfoliveted to the field. hrigaP:on efficiency accounts for 
wat¢r lpsses dµe t() run-oft over ap'Plicf!tiort; ·and other appliqation method water losses. 

Field fl.ow measurements throughm.it the· district have been made to gain an understanding o.f 
watef delivery efficiencies to farrhs :and watet conveyance fosses·•. Flow measurements were 
taken. at· existing weirs and ilu:mes·~ •In. addition, flow measurements were mad.e at various 
locations U&irtgtM a.tea:vefocit;r methoci.Eii>w tne:asurem¢nt locations a~ shown in Figute.L. 

Based. on tlri~ information an overall district water usaga efficienc;y as well as: water usage. 
efflclericies. for vari.ous secti()riS of the district ha\\e been estimated. Water usage efficiencies 
Were.estimated using.the .flow ineasuteme:nts.described above; ittigation rotation schedule.s ·for 
eachcditeh, and crop evap:otraJ;Ispii;ation dlil.ta specific to th'eShastal~;iverVaHey• 

:?-1~1 .Qverall Distti~tWater Usage.:Effi¢fo.n~y· 

An overail district water U:sage efficiency has been estimated based on estimated 
evap.ottanspiration.requir¢rtient$>fQt pastpre grass and alfalfa £rom:fong,..term histoti¢ai·averages 
.and water usagfi! ~timate§: hasecl e>n. e:p,ei:iw ¢op,sumptio:p, inf'tmnati:ort from 2002, A monthly 
sumn;i?XY' ofqrqpwater requirenn.~nts.for·tbe district,, water·diyerted,. and estimc:i.ted wate.r U&age 
efficiencyis provided in Table L Tue informatfonin Table 1 fa; shown graphically in Figure 2. 

63% 
66% 
25% 

50 

\ 


Notes:. 

· 

1i:;stilnated bas~d <>n tong te:rm weather data. 


Table. I sho.ws that mo:rithly water usage effici¢n¢y r~ges from.25 to 66 percent with an overall 
l1nnµal efficiency of 50 percent This is ·a reasonable effj;cie,ncy for an:htigation districtsimilar to. 
the SWA. Table 1 indicates that. the: greatest inefficiency :exists dutjrlg the spring: an&:fhe fall 
when crop water requfremerits are lower and. it is more: difficult to. match water appliCation fo. 
crop needs. 

Water usage efficiency for the Assoviation has been broken down .by ditch in.Table 2. Table '.2 
indicates that efficiencies for the upper ditches are approximately 35percent while efficiencies. 
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Figure 2 Monthly Water Usage 

for the lower ditches are approximately 53 percent. The efficiencies shown in Table 2 are based 
on crop water requirement and water delivery estimates. A summary of water delivery estimates 
is provided in Appendix A. Observation indicates that much of the water delivered to the upper 
ditch acreages is being reused as tail-water in the lower ditch acreages. This, in part, provides 
some explanation as to why upper ditch efficiencies are so much lower than lower ditch 
efficiencies. 

Table 2 Association Wat/Usage Efficiency Summary 

Unner Middle 4151 7.6 2,713 967 36% 
Lower Middle 978 12.1 4,321 2,281 53% 
North 859 10.6 3,784 2,004 53% 

~otal 3,395 43.7 15,602 7,921 51% 

The results of Tables 1 and 2 suggest that of the approximately 15,600 acre-feet of water being 
delivered to the irrigation district approximately 7,600 acre-feet is being lost through conveyance 
and irrigation inefficiencies. 
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3.1.2 Irrigation Efficiencies 

. .. . As: irtdica.ted above, the primary irrlgatipn method used .in the: SW.A i.s tloQd irrigation.
i Apprqx;imately 5 percent (170 acres} ofthe districtis sprink1e irrigated with wheeFlines. Factors 

affecting irrigation efficiencyinclud,e.water losses during application; ~formjty.ofappli~l:ltion, 
and irrigatfon management. The primary sources .of water loss for flood and .•sprinkle irrigation 
systems iS s'i:u:nmarized in Table· 3.. 

lneffiPietiJ ~ater mm¥lge.mepl (over applyin:g water where ,it is 110'.f:. 
need,e9..or in ~ce.ssiye ~o1J11~) ··· · · 

2. Runof:thinddeep•percolatiori 
3. teakaae. from on farrti &tch.esand conveyance structures 
l. Inefficient watet management (over applying. water where it is not 

needed or in ·excessive amotmts) · 
~- 1$Yattl;5ration Q.topJe.1:$:i.wettedcanoPY~ and the soilsurface 
3, :Rl:,lnoffan9 <:leep•percoJation · 
4; m irrigation. e ui. men.t 

lll;;;;;;;;iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii'iiiiiii;iiiiiiiiiiiiiiiiii;i;;;;; 

For ¢e S.WA, imi,iv1d~al l(lrrd"qwner wati:rr manage.:ment practices . ang poor .uniformity ·Qf .fs.·· 
applicatfoi;t ate the . ma.jor source5 of irtigation irieffidency .. Much ·of the acreage being. flood 
irrigated has. :siU.'tace. irregularitles that promote pondirtg, runoff; and uneven application. Ii1 low 
areas excessive ·deep percolatiPn.fs. m<>stJikety happening, while higher areas at~ not.receiving. 
sufljpien,t:·:mpi$Wre. · · 

Field measurements and observations suggest that irrigation ·effitjenci~$fqr areas be. 
irrigated Within the districtvaried significantly. :rn ·meas where tail water from upper . is 
being.reused, waterusee:fficiencies:were veeyhigh. Itwasalso abserve.dtliatcertain landowners' 
are :mu,ch more patli®tar ab(}ut water management and achieve relatively· high. irrigatiun 

.. 

efficiencies. ·. · · ·· · · 

Typical .flood irrigation .efficiencies. range from '50 to 70 percent depending ·on soil types, W 
application ftequen:cx~ and land. slopes. It is estimated that ilood irrigation efficienciesd:hr SWA 
are gr.me.rally from 50<to 60 perpent~ T:ypic.al sprinkler irrigation e:fficiencies range. from 7Cltt1 80· 
Perq~nti A well-'m'clintaUied an4, operated. $ptiukler $ystetn can achiev~ irrigation efficiencies as 
high as 85 percent · . · . 

l3ased on field cfb$ervati<ms and data :available for the SWA, it. is estftnated that irrigation. 
efficiency for the djstrict is appr9ximately 62 percent. This represents· a loss of approximately 
4,850 acre.,feet per year due tu irrig:;ttio!l inefficjencies, Ther~ -will always be some level of 
irtefficiehcy·for any irrigation practice and it would not be feasible. to recover all water Jost due 
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to irrigation inefficiencies. However, there is a significant oppo:rttinity to improve irrigation 
c;ffi¢foncieswithin the s:wa.. 

3~J.$ W~t~tC9nveyruice Effi~iell,cy 

Watercoriveyance losses can be a significant problem for irrigation districts. Conve)'artce losses, 
r.esu1tprimarily from the fOiloWing : · 

1. Seepage 1Qsses fr9m i;titches; c®als, and pipelfoes; 
2. Leakage through and. aroundlieadg~tes~ turnouts,, and other';Stnictures; 

3, Operationalspills; and' . 

4. ConsUinptiveuseftomvegetation.on ditchbanksi 

Field measru;eme11ts anti: observation tndicate that dit$h seepage losses and leakage, through 
tl;un9µts an4 Qther .structm:tts are major soµr.ces of cpnveyanqe losses fo,i; the S.W'.A. W.ater 
consmnption,from bank vegetatfon is atso likely wsignificantsources of water loss. along certain 
reaches ofthe d.1tch.·sy:stem. 

Conveyance: lbsses.: for th¢'. district were estimated Itonr flow mea&utements taken at vru:ious 
locations Flt9ng the.ditch s~tem dtT.ti!fg;.1-t;tneof 2()03; As1;11WUary:'pfJipw m~asw:ements taken 
during this pemQc!is prpvjqed •ifl· Ta.bl~,4,;· 

Lower South Just belowheadweir' 9.95 

The; flow measurements $urtlll.taOzt}d in Table 4 were used to estimate :i;titch lOsses. Thes.e 
e$tima.ted ditchlo§S~$.aJ:e~st1Plma,ri.ze4htTapJe 5. 

Table 5 Estimated Ditch.Loss.Summary 
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Table 5 indicates an estimated ditch loss for the SW A of approximately 8 cfs. This translates to 
approximately 2,850 acres-feet per year. It should be understood that this value represents only a 
"snap shot" in time of ditch flows. Average losses in the ditches on an annual basis may be lower 
or higher depending on weather conditions, ditch maintenance, spill control, and others variables. 
No attempt was made to account for non steady-state flow conditions. However these 
measurements do indicate that significant ditch losses are occurring. · 

The results ofTable 5 suggest that the reduction of ditch losses, particularly in the Lower Middle f 
and Upper South Ditches represents a significant opportunity to improve overall district water 
usage efficiency. Vihile the field measurements made during this study indicate less losses in the 
Upper Middle ditch, past association experience and observation indicate that significant losses 
in this ditch do occur. 

No ditch losses were estimated for the Lower South Ditch. Past district experience suggests that 
losses through this ditch are minimal. A flow measurement was made at the head of this ditch to 
verify flows going to the Lower Middle Ditch. No other measurements were made on the Lower 
South ditch to estimate losses. It has also been the experience of the association that losses are 

~ 	minimal from the North Ditch. Visual inspection of the Lower South Ditch just downstream of 
the head weir indicates that lining approximately 1,500 feet will eliminate some ditch losses for 
the Lower South Ditch. 

A typical ditch turnout is shown in Figure 3. This turnout is leaking at approximately 0.25 cfs. It 
is estimated that there are hundreds of similar turnouts throughout the association. If only a 
fraction of these turnouts are leaking at a similar rate, it is clear that this represents a significant 
conveyance loss component. Upgrading many of these turnouts will provide significant 
improvement. 

Figure 3 Typical Ditch Turnout 
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Tail Water Patterns 

A significant amount of water returns to the Shasta River as tail water from the SWA. In 
addition, a significant amount of tail water feeds into other irrigation districts down stream. This 
study focused on assessment of tail water returning to the Shasta River or leaving SW A 
boundaries. It should be noted that a large amount of tail water leaves individual fields 
throughout the association boundaries. Much of this tail water is reused on lower fields within 
the association which improves overall water usage efficiency. Figure 4 shows major tail water 
patterns for the southern portion of the SW A. Figure 5 shows patterns for the middle portion. 

Approximately 2 to 3 cfs of tail water returns to the river from the southern portion of the 
association. This represents approximately 18 percent of the water delivered to this portion of the 
association. Approximately 3 to 4 cfs returns to the river from the middle portion representing 
approximately 25 percent of the water delivered. Approximately 2 to 3 cfs of tail water leaves 
the northern portion of the association. However, the Antonio Ditch running north of the SW A ': 
boundary captures the majority of this tail water. 

It is estimated that approximately 7 to I 0 cfs of tail water leaves the SW A boundaries. This 
represents approximately 17 to 24 percent of the water diverted from the Shasta River. This tail 
water is the result of irrigation inefficiencies and conveyance losses. 

Reductions in irrigation inefficiencies and conveyance losses will also result in a reduction of tail 
water to the Shasta River. It is unclear at this time what the net increase in stream flows 
downstream of the SWA will be from the improvement of water usage efficiency. However a 
major concern associated with tail water returning to the Shasta River is the impact it has on 
water quality. While tail water returning to the river has the benefit of increasing in-stream 
flows, it is detrimental to water quality parameters such as temperature, nutrient loading, and 
sediment loading. Improving water usage efficiency for the SW A will result in a significant 
improvement in water quality and will most likely increase in-stream flows downstream of the 
association. 

3.3 Water Balance Summary 

A water balance summary is shown in Figure 6. Figure 6 summarizes what ultimately happens to 
water diverted from the Shasta River by SW A. The information presented in Figure 6 is based on 
the water usage and loss estimates developed above. In Figure 6, it was assumed that tail water 
for the SWA is included in the irrigation losses component. 

3.4 Pump Station Efficiency 

A pump station efficiency test was performed as part of this study. A major operating cost for the 
Association is power (Section 2.4). Power costs for the 2002 operating year represent 
approximately 67 percent of total expenditures. The SW A realizes that improving pump station 
efficiency could provide significant economic benefit to the Association. 
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Figure 6 Water Balance Summary 

The efficiency of the pump station was estimated by measuring pressure and amperage under 
different flow rates. Flow was restricted by partially closing the isolation valves just do\Vnstream 
of the pump discharge. The power draw for each pun1p was estimated by measuring the 
amperage in each motor lead and taking an average. A summary of the efficiency testing 
performed on the 250 horsepower pump is provided in Table 6. Table 7 provides this information 
for the 325 horsepower pump. 

Table 6 Operating Data for the 250 Horsepower Pump 

Table 7 Operating Data for the 325 Horsepower Pump 

· ./. .·.· .·..• ·.. . ·• ·.· .•·. pressure ••.Ave.rage; • . \/\fork ·. • ... Brake overall PUmpi~g 
Flow (gpm) . !"low (cfs)< .. (feet) ·.·· amps• ·•'Horsepower '.Horsepower .. Efficiency; 

13,290 29.6 73.9 414.7 248.0 423.1 _______:5.=9.::_% 
---:r2)5o --·2a.4 ·-··73,9 412.3 237.9 420.7 57% 
-·--·9;o35 --· 20:2 ·--·73~9 -· 385.0 i69:5---392-:s-·· 43% 

2,880 ·--- 6.4 -·"73.9 ---265.7 -•«·-·53,7 271.1 1 ______2_0_%-,11 
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The efficiencies estimated in Tables 6 and 7 are overall pump station efficiency values and 
include motor and pump efficiency. No attempt was made to determine individual motor or 
pump efficiencies. 

Table 6 indicates that under normal operating conditions, the 250 horsepower pump is 
approximately 62 percent efficient. Table 7 indicates that the 325 hp pump is approximately 59 
percent efficient. Considering the age of the pumps, this is an excellent efficiency. 

No performance curves were available for the pumps to compare operating conditions. 
However, original test curves for the pumps were obtained from the suppliers' archives. The 
measured operating parameters for the pumps agree well with the test curves. A copy of the 
pump test curves have been provided in Appendix B. 

As indicated in Section 1.3, a goal of this study was to determine what impact lowering the pump 
intake water level 2.0 to 4.0 feet would have on operation of the existing pumps. This test was 
performed during the pump station testing effort. It was determined that the effect of lowering 
the intake water level on the existing pumps' performance was negligible. The measurements 
indicated a drop in water delivery ofapproximately 2.5%. This translates to less than 0.5 cfs. '1

4.0 CONSERVATION ALTERNATIVES 

r 
A variety of conservation alternatives are available to the Shasta Water Association. The four 
primary alternatives include the following: 

1. Improve water conveyance efficiency; 
2. Improve water application efficiency; 
3. Develop an incentive pricing structure; and 
4. Improve pump station efficiency. 

Each of these alternatives will have different impacts on district users and will require different 
approaches for implementation. This section will discuss these alternatives in detail and provide 
an estimate of implementation costs. 

4.1 Conveyance Efficiency Improvement 

Typical methods used to improve water conveyance efficiency include canal lining, conversion 
of canals to pipelines, and diversion point relocation. Relocation of the point of diversiOn would 
be impractical for the SW A and was not considered in this study. Canal lining methods and 
conversion of canals to piping was investigated in this study. It is estimated that improvements to 
water conveyance infrastructure could reduce conveyance losses by 90 percent. Assuming 

)!" current conveyance losses of approximately 2,850 acre-feet per year (Section 3.1.3), this 
"t suggests a water savings of approximately 2,560 acre-feet per year. 

r 
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r 4.1.1 Ditch Lining 

Traditional canal lining materials have typically included concrete and compacted clay. More 
recently buried geomembranes have been used for canal lining. These lining materials often have 
significant limitations that make them impractical for application. Limitations can include lack of 
local availability (such as compacted clay), too costly, large right-of-way requirements for 
construction, extensive over excavation and sub-grade preparation. Observation over time has 
also indicated that these materials lose their effectiveness due to cracking, difficult maintenance, 
and lack ofprotection. 

In recent years a variety of canal lining materials and techniques have been developed. Many of 
these materials are simpler to construct and maintain than concrete or traditional buried 
geomembranes and have been demonstrated to be more durable when maintained properly. 

For this study, several lining materials and techniques were evaluated. The materials were 
evaluated based on the following criteria: 

1. Life Cycle; 
2. Effectiveness; 
3. Construction and maintenance requirements; and 
4. Construction and maintenance costs. 

Various lining techniques include fluid applied membranes, concrete or shotcrete, 
geomembranes and geotextiles, or a combination of these materials. A summary of these 
materials and associated data is provided in Appendix C. After reviewing these materials and 
discussing options with the SW A personnel, two lining options were evaluated in detail. These 
included: 

1. An exposed SBS (styrene-butadiene-styrene) geomembrane-asphalt material; and 
2. A concrete liner with a geomembrane underliner. 

The exposed SBS-asphalt material would be installed in the existing ditch sections. It is 
estimated that the SBS-asphalt liner would be effective in eliminating seepage losses by 
approximately 90 percent. The life of the liner system is estimated at approximately 20 years. 
Fencing would need to be provided for this liner system to keep animal traffic off of the material. 
Cattle and other animals would puncture the material ifthey were allowed to walk across it. 

Installation costs for the SBS-asphalt material are estimated to be $1.50/square foot. Assuming a 
width requirement of 12-feet, this would translate to an estimate of $95,000.00 per mile. 
Providing fencing to protect against animal traffic is estimated at approximately $13,200 per 
mile. A total installation cost for the SBS-asphalt option would be approximately $108,200 per 
mile. Annual maintenance costs for this liner system is estimated at approximately $6,300 per 
year. 
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A concrete liner with a geomembrane under!iner is another option for SW A. This type of lining 
system is estimated to be 95 percent effective in eliminating seepage losses. The lift cycle for a 
concrete liner with geomembrane underliner is estimated at 40 to 60 years. This option would 
required no fencing since animal traffic would not damage the concrete lining. 

Installation costs for the concrete/underliner system is estimated at $2.75/square foot. Again, 
assuming a 12-foot wide section, this translates to approximately $174,250 per mile. This would 
be the total installation cost. Annual maintenance costs for the concrete liner system is estimated 
at $3,200 per year. 

Figure 7 shows installation of an SBS-asphalt liner system. This installation process is also 
representative of installation of the underliner for the concrete/under liner system. 

a. subgrade preparation 

Figure 7 Typical Liner System Installation 

4.1.2 Ditch Conversion to Piping 

Conversion of the existing canals to pipe was also considered. For this option, it was assumed 
that the pipeline would follow the same alignn1ent as the existing ditches and would operate as a 
gravity flow system. Different pipe sizes would be required for the different ditch sections. A 
summery of ditch sections and pipe size requirements are shown in Table 8. Table 8 also shows 
estimated installation costs for the different pipe sizes. 

111e information provided iµ Table 8 suggests that the cost to convert the existing ditches to pipe 
would be approximately jS148,000J per mile for 24 inch pipe and approximately $169,000 per 
mile for 3.0 inch pipe. A properly designed and constructed pipeline can be expected to have a 
life cycle of 40-60 years or longer. Annual maintenance costs for a pipeline is estimated at 
approximately $8,500 per year. Very little if any seepage would be expected from a properly 
installed and maintained pipeline. Elimination of seepage by as much as 95 percent or more 
would be expected. 
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Table 8 Pipe Size and Cost:Sum.mary for Ditch Sections 

Notes:· 

iE!a,~ed on peak <;1em~1.1c!·forirri9ated i1ereage: 

2Based'onclass 125PVC.(PIP) pipe; 


4.1.,3- Comparjson ofLi~in~ Options 

An evaluation of the. two lining options and the: piping options was perfomred based on the 
criteria listed in. Section 4.l. l. The analysis was done assuming' one mile: of ditch Witha l 2•foot 
wide section. A s-utnmJ1ry ofthis evaluatfottis j;>l"ovided in>Table 9~ 

Table 9 Comparison {)f Lining Options 

.. Notes; 

: Based on 40 ye;lf$ Ci!Cin inflation rate of6 .Q94,

2Assumes replacemenfof SBS-asphaltlinersystem in 20 years at an inflation rate of l:tOo/o.• 


Table 9 indieates that while t~ SBS-'asph~t liner system 11~ the l()W~~instajla;ti:on,. ()O$t itha,s 
the greatest life: cycle .cost This ls due ·primfuily tO a shorter life cycle of20years. The life cyple 
cost oftb¢ piping system is approximately $75,0.00 $l:eater than the concrete/underliner system 
life cyc1e, cost when compare on a 4-0 year basis. Howevei:~. the piping. optionis\ antieipatedto 
haveibigber !eve! ofeffecti:venefls.··@c:l wiU mo~t likely ha:ve a longet life. cycle and ultimately a 
lower'life· cycle l~ost. 

Tue piping option is not feasible for the tower' ditches, since the lower ditches need to a11pw ta,il 
w~ter frqn:} upper fields to flow into them.. Piping the upper ditches however, is feasible:. 

4.2 Irrigation.Efficiency Improvement 

Irrigation efficiency can be improved through various approaches. These approaches typically 
include im,proved irrig@,on·schequlingand Water managementor on-farm. improvements to,more 
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efficient irrigation equipment and methods. Improving irrigation scheduling and waterr· management often requires equipment or infrastructure upgrades that allow adequate water 
control and measurement. 

Defining on-farm infrastructure improvements will required coordination with land-owners since 
each farm will have different needs and restrictions. This effort should be pursued on an 
individual basis in cooperation with local agencies such as the NRCS. Improving water 
management and irrigation scheduling will also need to be approached on an individual farm 
basis. One location that has been identified in this study is the area served by the Lower Middle 
ditch just south of Oberlin Road. Potential improvements here could include installation of a 
piping network with individual land-owner taps to replace the ~xisting surface water ditches. 
This concept is illustrated in Figure 8. 

Providing incentive for land-owners to pursue water management improvements will be critical 
if on-farm water management and irrigation scheduling improvements are to be realized. This 
incentive can be provided through an incentive pricing fee structure (see Section 4.3). 

4.2.1 Irrigation Scheduling 

Irrigation scheduling is determining when to irrigate and how much water to apply. Irrigation 
scheduling requires information about the crop, soil, climate, irrigation system, and water 
delivery capabilities. The objective is to match water application with soil moisture conditions to 
just meet crop water requirements. Accurate irrigation scheduling will improve irrigation 
efficiency by reducing over irrigation. Accurate irrigation scheduling will also improve crop r 	 yields by maintaining adequate soil moisture. To accomplish this, soil moisture monitoring 
information and crop water requirement estimates must be obtained. 

A variety of soil moisture monitoring methods exist. These methods range from simple feel and 
appearance methods to sophisticated computer models. A variety of soil moisture monitoring 
equipment is available on the market. The local NRCS will soon have soil moisture monitoring 
services available. 

Crop water requirements are typically estimated based on historical and current climate and 
weather data. This data is available from a variety of sources including the DWR, NRCS, and the 
Bureau ofReclamation (BOR). 

4.2.2 Conversion to Sprinkle Irrigation 

As indicated in Section 3 .1.2, current average irrigation efficiencies estimated for the district are 
approximately 62 percent. Section 3.1.2 also indicates that a well-maintained and operated 
sprinkler irrigation system can achieve efficiencies on the order of 70 to 80 percent. 

Table 10 shows an estimate of water savings due to conversion of flood irrigated acreage to 
sprinkle irrigation for the SWA. Water savings have been estimated for an efficiency 
improvement to 70, 75, and 80 percent. It was assumed that approximately 2,000 acres are 
converted. 
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As inclicated in Taple 10 as mucli· as 2 toS cfs could be saved if 2,000 acres of the associatfon 
was conyerted to sprinkle irrigation. Installation of a wheel Iii.re sprinkle irrigation system will 
typically :cost.in the rage of $1,000to $1,SOO. per acres. Th~ actQal water saYing:s would depend 
on the success achievedfrom individual landowner improvement Projects,. 

fa}Jle 10 Estim~ted Water Savittgs.From•Chnversion of:2;000 Aeresto Sprmkleirrigation 

80% 

Notes 
·
1Assumed efficiencies except 62% witch ts tile current estimate; 
2Estirna~ed based on annu.a1 erop w<!terJeqµiremeotot2s-in~l1es.~ 

4.2.3 TaiIWater Recovery 

Tail water recovery· is ~·water cqp.servati0n .mea,sure used often. in irrigation districts. Some 
indiVidual .landowners within the Asso:ciation. are alreaP:Y m(lking use of tail water recovery 
systems bortsisting ofa. catchment pond and return pumping; system. These pon<:ls are· $erving: 
primatUy•as storage rese&o:irs from which water can be :taken..dunng perfods. when water is not· 
being dttliveted to the farrrL 

The use oftaiLwater recovery systems on a di.strict wide basiswoukl.be oflimitecl. benefit sin¢e 
water'woiild need to•be•pumped twice. A sigrrificant amQuntQf infi"a,stn1cture would be reqmr.ed 
and enerzy costS wotlld most . likely increase;. Since tail ·water is a direct re,sult of irrigatiqn 
h1effi~iencie~ and con:v:e.yat).ce l:\lsS¢S, focusing on improvements in these areas will reduce tail'
watergeneratiqn and be:lnorebenefh;:ial from an energy c()nse&ation perspective. · 

While the reduction in tail water will translate to a. reduction in iu-.stream flows .in the Shasta 
River~ this will he offset by a reduction .in water being taken out of the river at the SWA 
diversion. J~ is antieii?ate(l: that there Will be a net increase in river flows but the primary benefit 
of elinunatfug tail water r.eturn flows to the Shasta River Will be a significant improvement in 
water quality. 

4,3 Incentive Pricing Rate Schedule 

As indicated. in Section 2.4 the SWA currently assesses an annual fee to its members based 
directiy on actual association expenditures~ No attempt is .made tcr ::i.s,se:ss fees based on water 
consurtlption or t!Sage. This approach has worked well for the association in the past and ha$ 
been r~l<ttively simple to administer, ffowever~ under the ctirrent fee structure there is no 
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r incentive to conserve water or use it efficiently. In fact, this system has served as a disincentive 
for some association members to use water efficiently. 

Establishment of an incentive pricing rate schedule would create a direct relationship between 
farm water deliveries and water bills. Under this scenario, the incentive to take unnecessary 
deliveries is reduced and water will be used more efficiently. 

Incentive pricing involves setting water rates that are based on fixed costs plus ~ price per acre
foot of water delivered to an individual farm. This will shift the incentive to conserve water to 
each individual land-owner. 

In order to receive full benefit from an incentive pricing rate structure, improvements to the 
Association's current water measurement infrastructure will need to be made. These 
improvements will include installation of water measurement devices at various farm turnouts 
and locations throughout the district. The district will also need to modify its accounting 
procedures and methods. In addition, the Association should be prepared to conduct a member 

~ I participation and education effort to present the new rate schedule to association members and 
~ give them the opportunity to understand and comment on the new schedule. 

Under this type of rate schedule, the SW A will most likely see an improvement in water usage 
efficiency while maintaining or enhancing revenues. A key benefit to this conservation measure 
is that land-owners will have a direct incentive to improve water management practices and will 
be encouraged to seek out programs that will assist them in making on-farm upgrades that will r improve irrigation efficiency. 

Implementation of an incentive pricing rate schedule will be a significant effort that may take 
several years before it is completely implemented. The following steps will need to be taken: 

1. Gather needed information; 
2. Define goals; 
3. Select candidate rate schedule; 
4. Set initial rate parameters; 
5. Evaluate potential effects; and 
6. Implement and monitor. 

Developing a rate schedule and implementation plan for the SWA is beyond the scope of this 
study. It is unclear at this time how water measurement data would be collected and what the 
pricing system would be based on. This effort should be pursued however, as improvements are 
made to SW A infrastructure. It is possible that additional personnel may be needed to administer 
an incentive pricing rate schedule. 

5.0 RECOMMENDED WATER CONSERVATION MEASURES 

A water conservation strategy for the SWA has been developed based on the alternatives r outlined in Section 4.0 This strategy includes infrastructure improvements as well as 
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. modifications to the existing fee structure in order to provide an incentive for users to conserve 
water. Under this strategy, the SWA can make improvements to infrastructure it has direct r 
control over (ditch system and pump station) and provide an economic incentive for land owners 
to make improvements on individual farms. The strategy includes the following major elements: 

1. 	 Reduce conveyance losses (piping, ditch lining, and turnout replacement); 
2. 	 Upgrade pump station with variable frequency drive capability; 
3. 	 Develop and implement an incentive pricing fee structure; and 
4. 	 Provide support to local landowners to make on-farm conservation improvements. 

The first two items listed above include reduction in conveyance losses and upgrades to the 
pump station. While it is estimated that approximately 2,560 acre-feet of water could be 
conserved per year through piping and ditch lining (Section 4.1 ), without upgrades to the pump 
station it will be difficult to realize the benefit of this conserved water in the form of increased 
in-stream flows, improve water quality, and energy savings. Upgrades to the pump station will 
allow water deliveries to .be matched more closely with water requirements and improve water 
usage efficiency. 

Upgrades to the pump station will also be required to realize the benefits for the third and fourth 
items listed above. As individual land-owners begin to respond to an incentive pricing fee 
structure and as they begin to make improvements to on-farm water management, SWA 
personnel will need to be able to adjust pumping rates to deliver water more efficiently. An 
initial improvement project will need to be completed to implement the strategy. This initial 
project is described below. 

5.1 Recommended Infrastructure Improvements 

The initial water conservation project recommended for the SWA includes the following major 
elements: 

1. 	 Piping the Upper South Ditch (approximately 3.0 miles) and approximately 1.5 miles of 
the Upper Middle Ditch; 

2. 	 Lining approximately 1.2 miles of the Lower Middle Ditch and sections of the Lower 
South Ditch (approximately 1,500 feet) with a concrete/geomembrane system as 
described in Section 4.1.1; 

3. 	 Replace select turnouts along ditch sections; and 
4. 	 Upgrades to the pump station. 

The ditch sections to be piped and lined are shown on Figure 9. Figure 10 shows a typical 
turnout schematic to be used at major diversion points. Upgrades to the pump station include the 
following major elements: 

1. 	 Four new vertical turbine pumps installed in the existing wet wells; 
2. 	 Variable frequency drive controllers; 
3. 	 Pump house structural modifications; and r 4. Discharge piping modifications 
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r 

SLIDE C<lE 

Figure 10 Typical Turnout Schematic 

Adding new pumps will require modifications to the discharge piping and will most likely 
required minor improvements to the building structure and ventilation. 

r 
Addition of variable :frequency drives (VFDs) will be critical to improving water management. 
Installation of VFDs will allow SW A personnel to match pumping rates with water distribution 
requirements efficiently. 

As part of the overall improvements to the SW A it is recommended that the existing dam and 
diversion be replaced with a water control structure as recommended in the 2001 Preliminary 
Engineering Report on Fish Screening and Passage. A schematic of the water control structure is 
provided in Appendix D. 

5.2 Project Economics 

Table 11 summarizes estimated costs for the project. Table 11 indicates a total estimated project 
cost of $2,701,100. As indicated in Section 4.0, it is estimated that the proposed project would 
result in a water diversion reduction of approximately 7 to 10 cfs (2,500 to 3,500 acre-ft) per 
year. This translates to an energy savings ofas much as $126 per day or $22,680 annually. 

As indicated in Section 4.0 it is estimated that upgrades to the pump station will result in a 15 to 
20 percent increase in energy usage efficiency. This translates to an additional savings of 
approximately $88 per day or $15,840 annually. The total energy savings from the project are 
estimated to be approximately $38,520 annually. These savings could be used to implement an 
incentive pricing rate schedule or assist with individual on-farm improvements. · 

As indicated in Section 2.4 annual O&M expenditures for SWA are approximately $15,200. 
Approximately $13,500 of this amount is for chemicals used to control weeds throughout the 
ditches. Annual maintenance costs for the piping and liner system is estimated at approximately 
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$11,700. Installation oftheliner system will signif:foantly reduce the need for chemicaLtt.eatment 
of weeds along the sections of the ditches where ling has taken place. rn addition, ditch sections 
that have· b.een pipe<i will n,o longer .ne.ed chemical treatment, Cheroical treatment will still be 
required for weed contrQl on ditcJJ..~ections whete;no improvements are made, For·:thisplanning 
effortitwas assumed: thats~vings i11 weed control chemical costs wQuld.9ft:set liner :maintenance 
costs and there would be no net change in ditch maintenance costs. It was also assumed; that 
O&M costs for the upgraded pmn:p· statfon would be similar to current pmn:p station .d&M ·cOstS. 

For the purposes o~ this stu<ly it Was assumed th~ta· inaJor portjon ofth¢ capital c:osts associated 
withthe proposed project would be:funded by gra;nts :from various agencies or pro,granlS and that 
a. minor portion would need to .. be:provided by the SWA. Funding .could cpme: frQm agencies· 
such as the California Departmentof Water Resources, California DepartmentofF1siiand Game; 
U.S~ Fish & Wildlife~ or other Salmon recovery and water conservation organiZations. The 
det<:J.iJs ofa final funding pack.ag~ willbe 4eveloped after project design, · · . . . 

Table 11 Preliminary Qpj11if;m ofProbable Projtct Cost. 

2300 CY 20 
250 CY 55 

LS 30,00CI . 
1;100 SF 20 

1 LS 7000 
1.000 LF 15 

LS 7,000 . 
35,000 

LSc 25.ooCI 

T"otal Consttuctiori Costs' $1;801,100 

Contingency $3~0,000 
Legal,·Administrative; .Engineering $540,000• 

Total lnstailatlon Cost $2;7.01,100 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

A significant opportunity exists for the Shasta Water User's Association to improve water usage 
efficiency and water quality in the Shasta River. Current overall water usage efficiency for the 
Association is approximately 50 percent. Implementing the water conservation strategy outlined 
in this study should allow the Association to improve its water usage efficiency to approximately 
65 percent. This represents a reduction of water diverted from the Shasta River of approximately 
10 cfs. The reduction in water diverted will have a direct affect on tail water return to the Shasta 
River. Figure 11 shows anticipated water diversion rates after project implementation on a 
monthly basis for the irrigation season. Current rates are shown in Figure 11 as well. Figure 11 
indicates that reduced water diversion rates are anticipated to be greater for the early and late 
months of the season. 

Figure 11 Projected Water Diversion Rates 

The actual net increase in flows in the Shasta River will become clear as the recommended 
project is implemented. However, The improvement in water usage efficiency for the SW A and 
subsequent reduction in trail water return flows should significantly improve water quality from 
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r a temperature and nutrient loading perspective. In addition, replacement of the existing flash
board dam and diversion will eliminate a fish passage barrier and significantly improve fish 
screening at this location on the Shasta River. Improving water usage efficiency will also 
improve energy usage efficiency and result in an economic benefit to the association. 

As discussed in Section 5.0, basic infrastructure improvements including piping, ditch lining, and 
pump station upgrades will result in an immediate increase in water usage efficiency and provide 
the association with the capability to respond to incentive pricing conservation measures 
implemented by the associ~tion. 

,...
\ . 
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Appendix A 
Water Delivery Estimates 



r 

UPPER SOUTH DITCH 

TOTAL HOURS: 526, 22 DAY ROTATION 

Total Shares: 350.5 


Ditch Flow 6.5 
Applications per year 8 

Volume Volume Inches per Incas Estimated 
Shareholder Shares Time 
Barnes, Glenn 3.5 5.25 

(cf) 
122,850 

Acre-ft application per year Efficiency 
2.8 9.7 77.4 36% 

Duhart, Dominique ,13 19.50 456,300 10.5 9.7 77.4 36% 
Sandahl & Sons 24 36 842,400 19.3 9.7 77.4 36% 
Suter, Peter 12 18 421,200 9.7 9.7 77.4 36% 
Sandahl & Sons 14 21 491,400 11.3 9.7 77.4 36% 
Franklin, Jesse 5 7.50 175,500 4.0 9.7 77.4 36% 
Sandahl & Sons 86 129 3,018,600 69.3 9.7 77.4 36% 

Cross over Julian Creek 

Sandahl & Sons 11 16.50 386,100 8.9 9.7 77.4 36% 

Bridwell, Martin 42 63 1,474,200 33.8 9.7 77.4 36% 

Bridwell, Martin 60 90 2,106,000 48.3 9.7 77.4 36% 


. Sanders, Richard 80 120 2,808,000 64.5 9.7 77.4 36% 

r· 



r· 

UPPER MIDDLE DITCH 
TOTAL HOURS: 518.10 - 21 1/2 DAY ROTATION 
Total Shares: 414.5 

Ditch Flow 7.6 
Applications per year 8 

Volume Volume Inches per lnces Estimated 
Shareholder Shares Time i!:!l Acre-ft aeencatlon eer ~ear Efficiency 
Barnes, Glenn 12 15 410,400 9.4 9.4 75.4 37o/o 
Sunflower Subdivision: 35 43.76 1,197,274 27.5 9.4 75.4 37% 

· 


Crowell, George 7.5 9.38 256,637 5.9 9.4 75.4 37% 

Eiler, Jim 22.5 28.13 769,637 17.7 9.4 75.4 37% 


Silva, John 5 6.25 171,000 3.9 9.4 75.4 37% 

Silva, John 8.5 10.6 290,016 6.7 9.4 75.2 37% 

Scala, James 77 96.25 2,633,400 60.5 9.4 75.4 37% 

Brooks, Marion 45 56.25 1,539,000 35.3 9.4 75.4 37% 

Delphic Elementary 2 2.5 68,400 1.6 9.4 75.4 37% 

Leoni, Thora 38 47.50 1,299,600 29.8 9.4 75.4 37% 

Mayemick, John 2 2.50 68,400 1.6 9.4 75.4 37% 

Alley, Marilou 20 25 684,000 15.7 9.4 75.4 37% 

Brooks, Marion 118.5 148.11 4,052,290 93.0 9.4 75.4 37% 

Pitts, Nancy 1.5 1.88 51,437 1.2 9.4 75.6 37% 

Ballestin,John 25 31.25 855,000 19.6 9.4 75.4 37% 

Wilson, James 15 18.75 513,000 11.8 9.4 75.4 37% 

Sutter, Thomas 15 18.75 513,000 11.8 9.4 75.4 37% 
r

r 




r LOWER MIDDLE DITCH 
TOTAL HOURS: 556.25. 26 DAY ROTATION 
Total Shares: 977.5 

Ditch Flow 12.1 
Appl~ per year 10 

Time Volume Volume llidles per' Jnces Estimaled 
Shareholder Head Shares 
Sames. Glenn 1 24.5 

Time 
12.25 

@24mlnlshare 
9.8 

(Cf} 
426,888 

Acre-ft 
9.8 

appUcatlon 
4.8 

per year 
48.0 

Efficjenc:y 
58% 

12!l!I!!& 113 !i.Q n. 
Wheeler/Rlzzal'llo 0.5 50.0 50.0 40 871,200 20.0 4.8 48.0 58% 
Lemos, David 0.5 40.0 40.0 32 698,960 16.0 4.8 48.0 58% 
Regnanl, Maria 0.5 45.0 45.0 36 764,080 18.0 4.8 48.0 58% 

Spilt Ends: 

Sunflower 

Moreno. Bob 5 2.5 2.0 87,120 2.0 4.8 48.0 58% 

Pele!S,Batry 5 2.5 2 87,120 2.0 4.8 48.0 58% 

Page. Marian 4 2.0 1.6 69.696 1.6 4.6 48.0 58% 

Brastow, Edgar 10 5.0 4 174,240 4.0 4.8 48.0 58% 

Brazil, Phifip 14 7.0 5.6 243,936 5.6 4.6 48.0 58% 

Mohar.Lee 14 7.0 5.6 243,936 5.6 4.8 48.0 58% 

Crawford. Larry 5 2.5 2 87,120 2.0 4.6 48.0 58% 

Hahn, George 5 2.5 2 87,120 2.0 4.8 48.0 56% 

Handley, Richard 20 10 8 348.480 8.0 4.8 48.0 58% 

Moore. Duane B. 5 2.5 2 87,120 2.0 4.8 48.0 58% 

Scott. Garry 14 7 5.6 243,936 5.6 4.8 48.0 58% 

Moore, Robert 5 2.5 2 87,120 2.0 4.8 48.0 58% 

MaekeylPiclcard 5 2.5 2 87,120 2.0 4.8 48.0 58% 

Rawlings, Emesl 18 8.75 7 304.920 7.0 4.8 48.0 58% 

Atteberry 10 5 4 174,240 4.0 4.8 48.0 58% 

Roe,W.H. 5 2.5 2 87.120 2.0 4.8 48.0 58% 

Rose.Mel 61 30.5 24.4 1,062,884 24.4 4.8 48.0 58% 

Seard!, Pal 9 4.5 3.6 156.818 3.6 4.8 48.0 58% 

Summers, Joy 5 2.5 2 87,120 2.0 4.8 48.0 58% 


r 
 SCS!a,Jlm 60 

b!!!!!!r Middle Dl!!ib !!Siil!. 
Grigsby, Con!ract 25 

30 

12.5 

24 

10 

1,045,440 

435,600 

24.0 

10.0 

4.8 

4.8 

48.0 

48.0 

58% 


58% 

Lawrence. Gregson 61.5 30.75 24.6 1,071,576 24.6 4.8 48.0 58% 

SellslrOm, Maurine 40 20 16 696,960 16.0 4.8 48.0 58% 


HofSO!!!b Subdlvl§l!!!! 

Alldredge 5 3.4 2 87,120 2.0 4.8 48.0 56% 

Bteslln, P.J. 3 2.0 1.2 52.272 1.2 4.8 46.0 58% 

Graves, Larry 16 11 6.4 278,784 6.4 4.8 48.0 58'Yo 

Herfindahl, Donald 27 50 10.8 470,448 10.8 4.8 48.0 58% 

Amos/Jones 9 6.10 3.6 156,816 3.6 4.8 48.0 58% 

McCollom, Eldon 6 4.10 2.4 104,544 2.4 4.8 48.0 58% 


Roye.Ken 1 12 8.20 4.8 209.088 4.6 4.8 48.0 58% 

Taylor, Lawrence 1 3. 2 1.2 52,272 1.2 4.8 48.0 58% 

Thomspon, Levila 1 13 8.80 5.2 226.512 5.2 4.8 48.0 56% 

Stooks. Maria (McCollom) t 6 4.10 2.4 104.544 2.4 4.8 46.0 58% 

Reynokl, Richard 1 58 29 23.2 1,010.592 23.2 4.8 48.0 56% 

Frederick, Edward 10 5 4 174,240 4.0 4.8 48.0 58% 

Frederlc:k, Rick {B of A) 8 4 3.2 139,392 3.2 4.8 48.0 58% 

Hendntn, James 7 3.50 2.6 121,968 2.8 4.8 48.0 58% 

RObusleUini, Philip 11 5.50 4.4 191,664 4.4 4.8 48.0 58% 

Sampson, Harry 10 5 4 174,240 4.0 4.8 48.0 58% 

Frey. Harold 10 % 4 174.240 4.0 4.8 48.0 58% 

Nylund. Roy 50 25 20 871.200 20.0 4.8 48.0 58% 

BaUestin, John 64 32 25.6 1,115,136 25.6 4.8 48.0 58% 

Wilson, James 15 7.50 6 261.360 6.0 4.8 48.0 58% 

Sutter. Thomas 15 7.50 6 261.360 6.0 4.8 48.0 58% 

Holdlay Develop Co. 55 27.50 22 958,320 22.0 4.8 48.0 58% 


977.5 600.95 445 



,r 
LOWER SOUTH DITCH 
TOTAL HOURS: 660.25, 27 1/2 DAY ROTATION 
Total Shares: 793 

Ditch Flow 9.9 

Applications per year 6.5 


Volume Volume Inches per lnces Esimated 
Shareholder Shares Time (cf) Acre-ft application per year Efficiency 
Barnes, Glenn 10 6.25 222,750 5.1 6.1 39.9 70% 
Duhart. Dominique 34 21.25 757,350 17.4 6.1 39.9 70% 
Mario's Drop: 1/3 gets 37.5 minutes, (Shares X Time X 3) 

2/3 gets 45 minutes, (Shares X Time X 1.5) 
Rizzardo, Marino 3 5.625 66,825 1.5 6.1 39.9 70% 

Simmons, Richard 4 7.5 89,100 2.0 6.1 39.9 70% 
Rizzardo, Mario 29 54.37 645,916 14.8 6.1 39.9 70% 
Sears, Raymond 21 38.50 457,380 10.5 6.0 39.0 72% 
Roberson, Bob 47 52.50 1,247,400 28.6 7.3 47.5 59% 

Sandahl & Sons 40 45.0 1,069,200 24.5 7.4 47.9 58% 
Sears, Raymond 4 4.50 106,920 2.5 7.4 47.9 58% 

S!;!lit Ends on McKllloe 

McKillop, Harold 10 6.25 222,750 5.1 6.1 39.9 70% 

Sandahl & Sons 54 33.75 1,202,850 27.6 6.1 39.9 70% 

Suter, Peter 24 15.0 534,600 12.3 6.1 39.9 70% 
r .. Sandahl & Sons 36 22.50 801,900 
Helwig, Carl 4 2.50 89,100 
Franklin, Jesse 40 25.00 891,000 

18.4 
2.0 

20.5 

6.1 
6.1 
6.1 

39.9 
39.9 
39.9 

70% 

70%

70% 

Sandahl & Sons 40 25.00 891,000 20.5 6.1 39.9 70% 

Cross Road to Added Time 
Cunningham, Palmer 5 3.75 133,650 3.1 7.4 47.9 58% 
Pratt, Edward 3 2.25 80,190 1.8 7.4 47.9 58% 
Horton, Albert 12 9 320,760 7.4 7.4 47.9 58% 
Sandahl & Sons 63.3 47.50 1,692,900 38.9 7.4 47.9 58% 
Stewart, Malcom 32 24.0 855,360 19.6 7.4 47.9 58% 
lten, Carl {Bridwell) 20 15.0 534,600 12.3 7.4 47.9 58% 
Bridwell, Marlin 62 46.50 1,657,260 38.0 7.4 47.9 58% 
Peters, Eric 45.7 34.25 1,220,670 28.0 7.4 47.8 59% 
Horton, Albert 15 11.25 400,950 9.2 7.4 47.9 58% 
Sandahl & Sons 90 67.50 2,405,700 55.2 7.4 47.9 58% 
Rohl, Steve 45 33.75 1,202,850 27.6 7.4 47.9 58% 



. r NORTH DITCH 
TOTAL HOURS: 485, 20 1/2 DAY ROTATION 
Total Shares: 859 

Ditch Flow (cfs) 10.6 
Applications per year 9 

Volume Volume Inches per Incas Estimated 
Shareholders Head Shares Tlme(hrs) 
Yreka Western R/R 1 10 5 

(cf) 
190,800 

Acre-ft 
4.4 

application 
5.3 

per year 
47.3 

Efficiency 
59% 

C. Lorenzini 106 53 2,022,480 46.4 5.3 47.3 59% 
Lemos, Edwin 197 98.50 3,758,760 86.3 5.3 47.3 59% 

One hour ditch time West Side 
Bly, Rosemary 1 15 7.50 286,200 6.6 5.3 47.3 59% 
Bly. Rosemary 1 10 5 190,800 4.4 5.3 47.3 59% 
Shutteroff, David 0.5 2 2 38,160 0.9 5.3 47.3 59% 
Capovilla, R.M. 0.5 2 2 38,160 0.9 5.3 47.3 59% 
Capovilla, Ruby 1 76.5 38.25 1,459,(320 33.5 5.3 47.3 59% 
Novy, Lowell 1 39.5 19.75 753,660 17.3 5.3 47.3 59% 
Daman, Don 1 18.5 9.25 352,980 8.1 5.3 47.3 59% 
Bell, Helen 1 16.5 8.25 314,820 7.2 5.3 47.3 59% 

One hour ditch time East Side 

Langford. David 0.5 50 50 954,000 21.9 5.3 47.3 59% 

Selby, Stella 0.5 2 2 38,160 0.9 5.3 47.3 59% 

Holiday Devel. Co. 0.5 51 51 973,080 22.3 5.3 47.3 59% 

Newiswanger, Billy 0.5 5 5 95,400 2.2 5.3 47.3 59% 

Shaffer, Ivan 0.5 4 4 76,320 1.8 5.3 47.3 59% 


r 
 Maplesden, Ivan 0.5 4 4 
Horn, Richard 0.5 4 4 
Russell, Donald 0.5 6 6 

76,320 
76,320 

114,480 

1.8 
1.8 
2.6 

5.3 
5.3 
5.3 

47.3 
47.3 
47.3 

59% 

59% 

59% 


Codr, Emil 0.5 8 8 152,640 3.5 5.3 47.3 59% 
Wigley, Nellie 0.5 12 12 228,960 5.3 5.3 47.3 59% 
Favero, Frank 0.5 15 15 286,200 6.6 5.3 47.3 59% 
Ficek, Mildred 1 200 100 3,816,000 87.6 5.3 47.3 59% 
Ficek, Norman 1 4.5 2.25 85,860 2.0 5.3 47.3 59% 
Hogan, C.W. 1 0.5 0.25 9,540 0.2 5.3 47.3 59% 

Fuster Fiock 
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